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SUMMARY

Four computer programs, designed for use in power spectral density analysis of stationary
random da‘a, are described. The programs carry out the estimation of direct and cross power
speciral density by the method of direct Fourier transformation using the Fast Fourier Transform
algorithm end by the indirect method using the auto or cross correlation functions. A facility,
based on low pass digital filtering and dota “decimation," for varying the analysis bondwidth
over the frequency range is included; this facility leads to ar efficient method of calculating
one-third octave bond, or other percentage fre~uency bandv 1uth, results and a routine for
this is included.

The programs are written primarily in the FORTRAN language, with certain routines which have
a major influence on execution time, or which use input/output facilities not available in
FORTRAN, written in COMPASS assembly language for the CDC 3300 computer. Full progrom
documentation is included, covering the needs of both program usage and program maintenance .
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1.0

INTRGDUCTION

The processing of stationary rundom data has assumed gonsiderable importance with
the development of the conrept of power spectial density anaiysis and its applicarion
in many branches of engineering. An automatic method of ~arrying out the analysis
is assential in view of the large amount of data which is always involved, and various
methods have been devised. A digital computer provides the means for the class o’
anclysis methods known as digital techniques and this report describes the organiza-
tion and use of a series of digitai computer programs for carrying out power spectral
density analysis. ‘

Use of digital techniques requires thot the rundom voriables being analyzed, which in
engineering applications are invariably continruous in time, be represented as series
of discrete values obtained at constant time intervals. Thie requises the use of some
analog/digital conversion equipment in which the datc scmples are obtained from the
transducer signals and held in some form of storag: medium; the computer programs
described here concern only the analysis of “t...2 i sitized data which are assumed

to be stored on digital magnetic tape in o tpecitic tormet,

Details of the various analog and digital methods of power spectrsi J2nsity cnalysis
are given in References 2 und 3; ih= former also includes the extersion of the theory
to deal with cross spectral uensity of a pair of data signals. The diai*¢! method most
commonly « dvocated is that wiarein the autocorrelation (or the aus- « .ariance)
function at discrete points in t* = is calculated and then convertad i . ower spectral
density by means of a discret: ...ine transform. The effect of finite .+ .gth of the
time data 5 reduced by the application of a spectral wisdow - a pr~_ 55 known as
"smoothing" the "raw" estimates. For the cress spectral densiyy < .. Y2 cross-
correlation function and the fuli rourier transform is used. The °» » . reason for the
popularity of this method has been i¢s aconomy in computer ¢ - i its flexibility

in the choice of analysis parameters. Minimizing comguter + - 5 a very importent
consideration in the choice of an algerithm for computer i, -+ antation because of
the large amouni of data involved in providing o reasonak s degree of statistical
accuracy . Another method of calculating power spzctral iz«sity is by summing the
squared Fourier coefficients of a set of sub-series formed fro.n the data (for details see
Reterence 1); the evorbitant amount of time required to cr idulate Fourier transforms
made this method uneconomical until the discovery of an algorithm which can speed
up the calculation by a factor of several hundreds (see Reference 4). The result is
that the direct Fourier transform method now offers considerable savings in computer
time over any other digital method. However, the constraint that the number of data
elements in each sub-series is a power of two (or at least has many small factors) means
that analysis paramuters cannot be so freely chosen.

Because of the respective advantages of the two methods mentioned above, the pro-
grains described here include both methods; it is envisaged that the direct Fourier
transform method will be used for the majority of analyses, bui the correlation method
will occasionally be of use when bandwidth requirements are rigld or the correlation
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furctions are also required. Auto or cross correlations could, however, be produced
by the inverse transform of the direct or cross spectral densities which have been
obtained by the uirect method. The efficiency of this method of calcul ‘*ing cor.elu-
tion functions has not been investiga*ed.

A further useful facility incorporated in the programs is the ability to divide the fre-
quency range into a series of bands an octave wide » nd to have a different analysis
bandwidth in each frequency band. The bandwidth i1 each band is a’ways twice that
in *he adjacent lower band; this permits a higher resolution of the spectral density at
low and intermediate frequencies without the penalty incurred due to unnece.sary
resolution at high frequencies in a constant bandwicdth unalysis of high resoiution
throughout the frequency range. This facility leads, by an averaging process, to ¢
third octave band analysis and can be exterded easily t> any percentage frequency
variable bandwidth analysis.

All the computer programs described in this rept are written in the FORTRAN
language, for a CDC 3300 computer, with the exception of saine specic! subroutines
in each program which are written in assembly language for the purpose of either

a) increasing the speed of execution where it is impcrtant, or b) use of special 1/O
facilities not available in FORTRAN.



2.0

2.1

2.2

ANALYSIS METHODS AND PROGRAM SUB-DIVISIONS

-~
General

The computer programs described in this report calculate direct and cross powe:
spectral densities using two differe' t, but related, methods of computation. Inall,
four complete programs are drez-ibed which cover the following:

(i)  Program Numbe: WCP/68-20. Power spectral density analysis using
a direct Fourier trensform teclinique .

(ii) Program Number WCP/68-21. Direct and cross power spectral
density analysis using o direct Fourier transforin technique.

(iii) Program Number WCP/68-22. Power spectral density analysis
using the auto correlation/Fourier transform method .

(iv) Program Number WCP/68-23. Cross power spect:al density
analysis using the crose correlation/Fourier transform method.

The mathematical details of methods (i) and (ii) are given in Reference 1 and those
of (iii) and (v) are given in Reference 2. Equation numbers from References ! and 2
will be quoted at subsequent noints in this report in preference to repreducing the
equations. The relative advantages between the direct Fourier transform and corre-
lation methods have been given in Section 1. Program (ii) produces cross spectral
density for a pair of fime series and alsv ine direct power spectral density for each of
the two series; program (i) more efficiently calculates the power spectral density for
a single time series.

Each progiam has the capability of dividing the frequency axis into a series of bands,
on an octave basis, and producing results at different analysi: bandwidths in each
band, the bandwidin in a higher frequency band being ~vice the bandwidth in the
adjacent lower band. Using this facility it is possible to obte!n high resolution at
low frequencies without the unnecessary effort incurred in a constent, narrow band-
width analysis throughout the total frequency range of interest, The frequency scale
may, of course, be specified as one bend, in which case the onalysis is carried out
as constant bandwidth.

Analysis Options and Extensions

The form of the results from each program is desciibed at the appropriate piace in the
following pages of this report. It is possible, however, easily to extend the programs

by the addition of further subroutines to carry out other analyses which are occasionally

of interest.
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(e}

(b)
(c)
(d)
(e)
f

All the programs hove: the option of calculating the probability distribution functions
of the time series being analyzed; a routine is required to output this in graphical
form. Program (i) has the option of calculating third octave power spectral density
functions aiready included, with provision for its graphical output. The following
is a lict of some possible extensions that could easily be made;

Auto correlation and cross correlaticn funciions output from
programs (iii) and (iv), respectively.

Joint probabiiity density functions from programs (ii) and (iv).
Spatial correlation ¢s a function of frequency from program (ii) .
Transfer function from program (ii)

Coherenze function from program (ii) .

Time varying spectra (i.e., non-stationary) from program (i) .

2.3 Program Sub- Divisinns

being:

4.

Figure 1.
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All the computer programs divide naturally intc four parts, the functions of each part

Separation cf data into contiguous elements of the same series
from an input data tape which contains many series (or channels
of data) in a "multiplexed" packed-word form, and calculation
of some siatistical parameters from the series.

Low pass digital filtering of a set of data with u filter which has a
cut-off frequency equa: to one-half of the maximum recognizable

frequency in the data (i.e., as determined by the sorpling rate) .

Calculation of the appropriate spectral density ‘function and separa-
tion of the required frequency band from the results.

Output of results.

Parts 1 and 2 are common to all the programs, while parts 3 and 4 are unique to each
program. An overall flow diagram giving the relationship of each part is given in



3.0

3.

INPUT DATA TAPE FORMAT

The program sub~section which "demultiplexes" and urpacks the input C~ta has been
written assuming a fixed format for the input magnetic tapes. Thi: format is based on
the output format of a currently used analcg-digital conversion and data acquisition
program. It should be noted that any changes to the input daia tape format will
require changes to the section of the program described in 4.1 below in order to
interpret the tapes successfully.

In general, there are two input data tapes corresponding to the A and B multiplexers,
respectively, of the analog-digital data conversion equipment; tapes are recorded at

a density of 800 bpi.

Heading and Identifying Recoids

Both tapes have the following heading records, as given in Table I.

TABLE I

INPUT DATA TAPE IDENTIFYING RECORDS

Record | Recording | Number of

Nc ber | Mode | 24-Bit Words Record Contents

] BCD 11 Words 1 to 8: REAL-TIME DATA
REDUCTION PROGRAM

Words 9 and 10: Date

Word 11: Test Number

2 BIN 5 Word 1: Number of data samples per channel d
Word 2: Number of A multiplexer chainels
Word 3: Number of B multiplexer channels
Word 4: Number of words in each data record w
Word 5: Number of sub-multiplexed groups g

3 BCD 2 Word T: MUX A (or MUX B)
Word 2: (4 blanks)
End of
File
Mark

‘ .
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3.2

3.3

Data Records

Data records are all recorded in binary mode and are produced as sets in the following
format. The first record of a set contains two words giving the first and lcst multiplexer
channel numbers, signified by C; and C,, respectively, (integer, numbering the
channels 1 to 128) for the current sub-multiplexed group, for the multiplexer identi-
fied in the third heading record.

The data samples appear in the record in multiplexer channel order (from lowest
numbered to highest) cnd the group is repeated throughout the recerd 2w/ (C,- C;+1)
times. The total number of data recards in a set is given by d (C}-C2+1)/2w. Each
set is terminated »y an ead of file mark.

Data sefs may appear on the tape as two types:

(0) Type 1. Non-stacked: data for a series of different sub-muliiplexed
groups appears on the tape. This is the general output form for on~line
data acquisition from live tests.

(b} Type 2. Stacked: data sets appear for the same sub-multiplexed greup
in a series. This is the case when data is acquired for several tests from
the playback of 14 channel analog tape.

It should be noted that deta types are never mixed on the same tape.

Data Sampling Rate

An overall sampling rate of 41,700 samples per second is assumed, based on the
current maximum sampling rate of the unalog-digital conversion equipment. The
sampling rate h per channel is thus given by

b o= 41,700
Ca-Cy+l

If the data is acquired at a different rate, the program change indicated in Section
4.1.3 must be made .
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4.1

4.1.

1

ROUTINES COMMON 7O ALL PROGRAMS

As pointed out in Secrion 2.3, there are two program sub-sections which are common
to all programs. These are described below:

Data Input, Demultiplexing and Statistics

List of Subroutines

The subroutines which comprise this subsection are, with their associated formal
parameters, as follows. The usual FORTRAN conventions apply to parameter names;
all routines are written in FORTRAN except MISCELL which is written in COMPASS
asse. ikiy language .

(i

(i¥)

(iii)
(iv)

DEMUX (N1024R, ISTAT, INCRST)

N1024R is the number of 1024 word records of data samples to be
demultiplexed from the input tape and stored on a scratch logical
unit. Each entry fo DEMUX deals with one or two channels
depending on whether direct or cross power spectral density is
being calculated. If there is insufficient input data then this
parameter contains on exit the number of 1024 word recorc. that
is available.

ISTAT is a parameter indicating whether or not statistics are required
for the demultiplexed data. ISTAT =0 signifies no statistics are
required, ISTAT = 1 sicnifies that statistical parameters mean, variance,
skewness and kurtosis are required to be calculated. ISTAT > 1 requires
the above parameters plus the amplitude probability distribution to be
calculated.

INCRST is the cell interval, in millivolts, for the amplitude probability
distribution. If ISTAT L 1 it is not used.

SCANTAPE (ICHAN1, ICHAN2, M)

ICHANT and ICHAN2 are channel numbers of data to be demultiplexed
from logical unit M. If the channels are on different input tapes or only
one channel is required, ICHAN2 contains four BCD blanks.

FILLOUT

STATIST (IST, INC)

IST is the same statistics parameter as ISTAT in routine DEMUX, and INC
is the same as INCRST.
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4.1.2

)

(vi)

(vii)

(viii)

(ix)

()

PPE (IACT)

IACT is an output parameter which returns the value of 1 or 2. If the
value is 1 there is enough daic remoining in a set after discovery of an
irrecoverable tape parity error to restart the demultiplexing and provide
the required N1024R records. If the value is 2 there is not enough data
remaining tc restart.

CHECKPAR (LUN, IS1, IS2)

LUN is o logical unit number on which the parity of the last output
operation is to be checked out and the record re-written if an error
exists. IS1 and IS2 are the second and third dimensions of a three~
dimensional array from which the data is output.

ERRECOV (LABEL, LUN, NPE, J)

LABEL is an indicator to select an appiopriate error message when an
irrecoverable parity error has been found on logical unit LUN.

NPE is a counter to control the number of backspaces and re-reads before
accepting the parity error.

J returns the value 1 or 2 depending cn whether or not the parity error
has been accepted (after 5 attempts to read the record). If J=1a
message defined by LABEL has been output to the standard output unit
(L.U.é61).

HISTOGRM (111, JJJ)

Il is 1 or 2 indicating whether the data is for the first or second of a
channel pair. JJJ is the cell interval value in millivol*s for the ampli-
tide probability histogram.

GAUL2

MISCELL

COMMON Storage

In addition to subroutine parameters, data is tro~smitted between routines through

common storage locations. A further use of common storage is the sharing of scratch
siorage between subroutines. The first 28 locations of blank COMMON are used to
retain information in the demultiplexing rcutines and the remain ‘er of blank COMMON

is used as ¢

atch storage. Throughout, labeled COMMON is used to transmit data.

The first 28 locations of blank CONMON are defined in Table II .
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TABLE I

FIRST 28 WORDS OF BLANK COMMON

Perameter Name Definition
-

ITEST 4 character iest identifier

ICHAN2 4 character channel identifier for 1st of a pair or a single channel

ICHAN2 4 character channel identifier for 2nd of a pair. Blank if only one
channel being used.

IHALF Parometer used in amplitude probability histograms

MD(2) Indicators for whether or not input tapes on logical units 1 and 2 have
had their leader records read and checked.

ID(13) Contents of the first and third title records from the last input tape read

INF(7) Contents of the second title record and the first pair of multiplexer
channel indicators from the input tapes.

ISTACK Indicator whether data is stacked or non-stocked on the input tape.

IFILE Indicator for required file when date is stacked.
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4,1.3

Labeled COMMON is used only by routine STATIST; this common block is defined
for each program below .

Program Function
A flow diagfam for the data input and demultiplexing routines is shown in Figure ”.
The function of this program subsection may be described briefly as follows:

(i)  Enter DEMUX to separate data for 1 or 2 channels. Determine
whether there are one or two channels and if two whether they are
on the same multiplexer.

(ii) Call SCANTAPE to find the start of the data for each channel .
Note that if the two channels are on the same tape they will always
be within the same submultiplexed group. On the first reference to
an input tape read the title records and check that the test number
and multiplexer identifier are correct. The BACKSKIP entry of
routine MISCELL is used to skip backwards along a tape to an end
of file mark and then to read forwards over the file mark. If load
point is inadvertently found, a message is printed (see Section 10,
message number 14) and the job is terminated.

(iii) Form the output ideniifying record (6 words) which includes channel
sampling rate calculated from

OSI‘

Cor = GoC, 1

where Cg; is chanrel sampling rate, O, is the overall sampling rate,

Cy and C; are the upper and lower channel numbers in the submuitiplexed
group. As mentioned in Section 3.3, Oq; is set at 41,700. If this is to
changed, the new value must replace 41,700 in the first statement after
that numbered 1130 in routine DEMUX (see Appendix A). The identifying
record is output to logical units 3 and 4.

(iv) Read in the multiplexed data using a double-buffering arrangment that
allows parallel reading and processing of data. Convert channel number
numeric from BCD to binary integer, using CONVERT entry of MISCELL,
to culculate position of data samples in the input records.

(v)  Cail FILLOUT and thence GAUL 2 to sepcrate the packed 12 bit samples
into 24 bit integers with correct signs. Records of iength 1024 words are
formed from the demultiplexed data and are output to logical units 3 and
4 (for the first and second channels, respectively). Repeat (iv) and (V)
until the required N1024R records have been output for each channel .

10
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4.2

4.2.1

(vi) All tape read and write operations are carefully checked for parity
errors. If an irrecoverable parity error is discovered on an input tape,
the total amount of dcta in the set is checked in routine PPE to deter-
mine whether demultiplexing may be restarted for that channel and st:!l
provide the required number of records. If not, the input record con-
taining the parity error is ignored. Parity errors on wrire operations ore
treated by calling the SKIPSIX entry of routine MISCELL io erase six
inches of tape and the record is rewritten; this continues until the record
is successfully written. Permanent parity errors on input tapes are
indicated by an appropriate message output by routine ERRECQOV to the
standard output unit.

(vii) If ISTAT is not zero call routine STATIST. The demultiplexed data is
read back from logical unit 3 and, in the case of two channels, logical
unit 4, and statistical parameters are calculated together with the aripli-
tude probability distributions if required. Statistical parameters are
output to the standard output unit together with, for each channel, test
and channel numbers and three lines of comment and identifying infor-
mation which are input from the standard input unit as card images. A
sample of this output is shown in Figure 6. Routine HISTOGRM is
called fromSTATIST for output, where required, of amplitude probability
plots to a CALCOMP plotter.

(viii) Return to calling program.
A detailed list of error messages and stops for all programs is collected together in
Section 10. Control cards for the various logical units are given in Section 9, and

listings for the routines comprising this program subsection are given in Appendix A.

Low Pass Filtering and Data Decimation

Filter Weights

The purpose and use of low pass filtering and data "Aecimation” has been pointed out
in Section 1 and the mathematical details are given in Reference 1. The implementa-
tion in this program is that of a fixed frequency cutoff at h/4 hertz, where h is the
data sampling rate on input to the filtering process. After the decimation process,

the sampling rate becomes effectively h/2. With the stated cutof? fraquency, Equation
(6.8) of Reference 1 gives fora = 5, filtcr weights as shown in Table III.

1



TABLE III

FILTER WEIGHTS FOR a =5

k Filter Weight
0 2
kit 1+ cos n/10
12 0
+3 - -%- (1 + cos 31/10)
+4 0
+5 1/5
% 0
4 - —]7- (1 + cos 70/10)
18 v
+9 -5 (1 +cos 91/10)
+10 0

4.2.2 List of Subroutines

The subroutines with their associated formal parameters, which comprise the program
subsection are as follows:

(i)

- (i)

LPFILT (LUN)

LUN is the logical unit number which holds the data to be filtered
and decimated. This routine also has an entry point named CUTOFF.

LOOP (I, K, J)
I and K are the lower and upper limits of the dimensions in the output

array of the riltered points which are to be calculated for this call of
LOOP.

12
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4.2.3

4.2.4

Jis 0 er 1, indicating whether to use the first or second column of a
two-dimensional array (1024, 2) used for double buffering of the input
data to the filter process.

(iii) ERROUT (LUN, IOBUF)

LUN is the logical unit on which a rarity error has been detected during
a write operaticn.

IOBUF is the first storage address from which the record, always 1024
words long, is being written.

(iv) PRODSUM

This is an entry point to assembly language routine MISCELL 7o carry out
multiplication and summation of data and filter weights using fixed point
arithmetic .

Routine ERRECOV is cailed from ERROUT to output a message when an irrecoverabie
parity error has been detected during an output operation, followed by a call to
SKIPSIX to erase 6 inches =f tape.

COMMON Storage

Blank COMMON storage is used to transfer data between routines LPFILT, LOOP,
and PRODSUM. The filter weights given in Table III are calculated by an initializing
call to LPFILT and stored in labeled COMMON array IWT; filter weights are used
when calculating filtered points in routine PRODSUM.

Program Function

A flow diagram for the low pass filtering and decimation program is shown in Figure 3.
The following description briefly explains the operations carried out by this progrom
subsection:

(i)  Enter LPFILT initialiy to calculate filter weights. For this entry
point parameter LUN is not used. The non-zero filter weights
given in Table 11l are calculated and then multiplied by 2% and
stored in fixed point form, i.e., as scaled 24 bit integers, in
labeled COMMON array IWT.

(ii)  Entry point CUTOFF. Deta to be filtersd is on logical unit LUN,
and scratch unit 51 will be used to store the filtered data as they
are obtained. At the end of the process the filtered resulis will be
overwritten on the original data on LUN. $ince records are always
formed and wiitten in lengths of 1024 words (24 bit integens) and

13
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Gii)

(v)

(vi)

(vii)

(viii)

two input records thus yields one output record, due to the deciration
process, the number of data records to be filtered should always be even.
Foi repeated application of the process the initial number of records should
have as many factors of two as the process is to be applied.

Skip over 6-word identitying record on LUN and initiate double bu..zring
procedure for input of data. Call LOOP to form filtered points 1 to 507
of a record (overlap to the left of starting point is initially zero).

Routine LOOP assembles, for each filtered point, the data to form that
point into a separate array and then calls PRODSUM to calculate the
summed products using the scaled filter weights. Filtered data are stored
in array ISAVE. Return to LPFILT.

Store pper 10 points of previous input record into lowar nart of array
containing next record (i .e., filter overlep ac -« records) and cc!l LOOP
to form the points 508 to 512 which use the overiap.

Repeat (iii), (iv), and (v) for the points 513 to 1019 and 1020 to 1024.
Write ISAVE (1024) to logical unit 51.

When an end of fiie 1s found on the input unit rewind LUN and 51 and
copy contents of 51 into LUN. Return to calling program.

Throughout, all tape read/write operations are caiefully checke ~ for
parity errors. If write pa-ity errors are encountered routine ERROUT is
used to call ERRECOV and SKIPSIX. If read parity errors are encounterd
on LUN then a message is output to the standard output unit and the job
terminates on a STOP instructicn.

Program listings are given in Appendix B.

14
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DIRECT POWER SPECTRAL DENSITY USING FFT

The Fast Fourier Transform algorithm and its application to the calculation of power
spectrai density is described in Reference 1. The particular implementation used in
this program is that of the 4 - 2 algorithm where the data is treated os a series of
arrays of size 4 by 4, with a residual set of size 2 by 2 if the tctal number of data
is an odd power of 2.

Fast Fourier Transform Routine FFT42M

This routine calculates the discrete Fourier transform and inverse transform of a set
of complex data. The size of the set must be an integral power of 2.

The routine is written in assembly language, with all arithmetic in fioating point; a
table of cosines is heid in an array within the routine, which must be calculated and
stored by cn initializing coll before the routine is used for the calculation of a trans-
form. The transformed results are written over the input data to the routine. Defini-
tions of the available entry points and formal parameters are as follows:

(i) COSTABLE (LGZNMX)

LG2NMX is the logarithm base 2 of the largest numbe of data to be
transformed; this call must be the first of any to the routine, but is only
required once.

(ii) FFT42M (LG2NMX, LG2N, INCT, REALDATA, QDATA, INOUT)
LG2NMX is defined in (i) above.

LG2N is the logarithm kase 2 of the number of data to be transformed.
LG2N L LG2NMX is a requirement .

INCT specifies the increment in storage location between consecutive
values of real parts and imaginary parts of the data, e.g., if real and
imaginary parts of each element are stored in consecutive locations then
INCT = 2; if real and imaginary parts are in separate arrays then INCT = 1.

REALDATA is the address of the real part of the first element of data to be
transformed .

QDATA is the address of the imaginary part of the first element of data to
be transformed. On exit from the routine REALDATA and QDATA contain

the real and imaginary parts, respectively, of the transform,

INOUT is an indicator which determines whether the transform or inverse
tronsform is required. If INOUT =0, the transform is calculated and if
INOUT # 0 the inverse trensform is caiculated.

15



5.2

5.3

5.4

(i) FFT

This entry point is used when the parameters are exactly the same as in
the last cell to FFT42M.

A flow diagram is shown in Figure 4 and a program listing in Appendix C.

Routines Comprising the Program

In addition to the Lubroutines described in Section 4 above and FFT42M, the following
routines comprise the program to calculate power spectral density using FFT. All these
routines are written in FORTRAN.

(i)  MNPSDAF

This is the main program which calls the various sections.

(i) PSDCNTLF

(ifi) PSDFFT

(iv) AKBK

(vy THDOCT

(vi) PLOTPSDF

COMMON Storage

The first 28 words of blank COMMON are given in .able Il and these definitions are
retained throughout. The remainder of blank COMMON, which is used as scratch

storage in the data demultiplexing section, is used to transfer data between the routines
specified in 5.2 above. The use of this COMMON storage is detailed in Table IV.

Labeled COMMON storage, with label/DATA/, consists of one block allocated as
shown in Table V.

Program Function

The functions of the various subroutines listed in 5.2 above are as follows. A flow
diagram is given in Figure 5, and listings in Appendix D.

(i) Commence in main program MNPSDAF. Zero array MD to indicate input

tapes at load point, call LPFILT with dummy pargmeter to generate filter
weights .

16
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TABLE IV

BLANK COMMON USAGE

(EXCEPT FIRST 28 WORDS) FCR PROGRAM MNPSDAF

Parameter Name

Definition

NCOUNT Next available position in psd array PSD and frequency array FRQ,
counting from the last word to the first, for the storage of results.

KOCT Frequency bands (octave) counter starting from the highest frequency
band during selective bandwidth analysis. KOCT varies from zero to
number of bands - 1.

FU Upper frequency of a frequency band.

FL Lower fiequency of a frequency band.

DF

TEMP 1 Temporary storage .

TEMP 2

IDATA(1024) First data input buffer when reading demultiplexed/filtered data into
core storage.

JDATA(1024) Second input buffer, as IDATA above.

N{6) Array for storing 6 word identifying record. Locations 4 and 5 of this
array contain the channel sampling rate in floating point form.

REAL(1024) The input data is converted to floating point and stored in this array ar 1 QDATA
for use by routine FFT42M. This data is treated as the real part of the
data being transformed.

QUAD(1024) This array is used by routine FFT42M and is assumed to contain the
imaginary part of the data being transformed.

AK(513) For each frequency band the psd results are stored here in routine AKBK,
before being selectively separated for retention in array PSD.

BK(513) Frequencies, corresponding to psd values held in AK, are generated in
this routine.

I,K,L Counters for various DO loops.

KREC Rezord number counter for each frequency band. Data input is controlled

by this parameter.

17
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TABLE V

LABELLED COMMON STORAGE (/DATA/)

Parameter Name

Definition

IWT(6) Filter weights defined in 4,2.1 above. This array contains the six non-
zero weights listed in Table III.

M Log base 2 of the number of points to be used in each Fourier transform.

MOCT Number of frequency baads into which the total frequency range is
divided. Except for the lowest and highest bands, these are octave
bands.

NREC Number of 1024 word records of data which are to be used for the psd
caleulation i each frequency band.

S Scale factor relating the input signal from the analog/digital equipment
in millivolts to physical units.

NPTS 2**M

MPTS NPTS/2 + 1

MBAR 512/NPTS. The number of group pairs into which each input record is
divided.

PSD(513) Array containing assembled psd values for all frequency bands.

FRQ(513) Frequencies corresponding to the psd values in PSD.

F1 Lower limit of frequency scale on psd plot.

F2 Upper limit of frequency scale on psd plot.

NDECS Number of decades on vertical scale of psd plot.

IPRINT Print indicator; if non-zero the results are printed after being plotted.

ISCALE Indicator for the suppression of plot scales; if non-zero, scales on the

output plot are not drawn,

18
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(ii)

(iii)

(iv)

(viii)

(ix)

(x)

(xi)

(xii)

(xiii)

Read data for control of calculation and the output format of a series
ot data channels.

Call SETUP entry to PLOTPSDF routinz to initiclize and set origin on
plotter. Check values of M, F1, F2, and iNDECS for validity, i.e.,
M <10, F1 <F2, NDECS <10.

Call COSTABLE(M) to generate the cosine table for routine FFT42M.
Then caill FFT42M in order to set the correct parameters for subsequent
use.

Calculate the number of data required to be demultiplexed as N1024R
records of 1024 integers.

Read channel numbers ICHANT and ICHAN2, corresponding sensitivities
S and SS, and ISCALE. Note that for this program only ICHAN1 and S
are used to define the channel. Check for end of channel set.

Cal' routine DEMUX to demuitiplex data and compute statistics. On
return check that required amount of data is available; calculate and
print number of degrees of freedom, adjusted to conform to available
data if necessary.

Call routine PSDCNTLF to compute the psd. Calculate NPTS, MPTS,
and MBAR. Initialize KOCT = 0 and then call PSDFFT for the first
(upper) frequency band.

In routine PSDFFT rewind unit 3 and input 6 word identifying record to
array N. If the lost frequency band is not being analyzed skip over the
first data record (this record is unreliable after filtering because of the
initial zeroes assumed in the overlap process) .

Zeio out record counter KREC, parity error counters K and L, and arrays
AK and BK in which to form the squared and summed Fourier coefficients,

Read a data record into IDATA and wait for completion before testing
parity .

Check NPTS. If this value is 1024 then records are analyzed in pairs;
if not, one record is analyzed at a time. Increment record counter by 1.

NPTS < 1024, Read next record and analyze previous. The recoid is
divided into MBAR pairs of sections each of length NPTS, e.g., if NPTS
is 512 then MBAR is 1. Consecutive values of the data in each Section
are converted to floating point and stored in arrays REAL and QUAD for
the first and second sections of a pair, respectively.

19
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(xiv)

(xv)

(xvi)

(xvii)

(xviii)

(xix)

(xx)

Call FFT to calculate the Fourier coefficients, and then routine AKBK
to convert the coefficients to psd.

Routine AKBK . The reol and imaginary components of the Fourier
coefficients are separated from the combined transformed data, held in
arrays REAL and QUAD, according to Equations (2.14) thru (2.17) of
Reference 1. The two sefs of coefficients are passed through a Hanning
filter defined by Equation (2.18) of Reference 1 and the squared, hanned
coefficients are summed in array AK. The zero frequency result is set to
zero before "Hanning" the data. It is seen that each subsection of a
record is transformed, converted to psd und results for corresponding fre-
quencies summed in array AK,

On return to PSDFFT, KREC is checked for equality with NREC. If so,
return to PSDCNTLF, oti.erwise read a new data record, increment
record counter and analyze the data record in (xiii) above in the some
manne, as spocified in (xiv) and (xv). Repeat from (xiii) until KREC =
NREC or an end of file on unit 3 is found.

NPTS = 1024. In this case pairs of records are read into IDATA and
JDATA, converted to floating point i REAL and QUAD and treated as
in (xiv) and (xv) above. This is repeated until KREC = NREC or an end
of file on unit 3 is found. It is seen that NREC should be an even value
when M = 10.

On return to routine PSDCNTLF compute the upper frequency of the
second octave; comgute the conversion factor for the psd values as a
function of the channel sensitivity, number of transform points, band-
width and number of subsections. Increment KOCT by 1, divide each
psd by the conversion factor and generate corresponding frequencies in
array BK.

Compute lower frequency FL of current band (however, if this is the last
band, then set FL = 0) and select the psd and frequency for this bond,
defined by FU and FL, from AK and BK and store in labeled COMMON
arrays PSD and FRQ starting at the upper, high frequency end of the
arrays. NCOUNT is used as the counter for position in PSD and FRQ,
set initially to 513.

Set upper frequency of next band to lower frequency of previous band.
Check that NCOUNT iz not less than 1, if it is print a message and exit,
otherwise check KOCT for equality with NOCT. If no, call routine
CUTOFF to filter and decimate data and then call PSDFFT, i.e., repeat
fiom (ix). When KOCT = NOCT return to MNPSDAF .

20
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5.5

5.6

{xxi)

(xxii)

(xxiii)

(xxiv)

(xxv)

GOn return to MNPSDAF calculate bandwidth of the upper band from
SRATE and NPTS and print number of frequency bands and uppe: vand-
width. In each lov«r band the bandwidth is halved because of the
decimation process. If third octave output is desired (indicated by
ITHD) call THDOCT, otherwise call ONECYC entry to PLOTPSDF to

output the resulis.

Routine PLOTPSDF. The largest value in array PSD is determined and
the vertical scale on the plot is chosen such that NDECS decades are
selected with the largest PSD value in the upper decade. The plot axes
are both logarithmic base 10 with the frequency axis occupying the
range F1 to F2 Hz. If ISCALE was read as zero from card input then a
pair of axes with tick marks at appropriate points is drawn, otherwise
corner masks only are produced. Test number and channel number are
drawn on the plot. A sample plot is shown in Figure 8.

If IPRINT is zero  frequency and psd are output to the standard output
unit in tabular form together with test and channel number. A sample is
shown in Figure 7.

On return to MNPSDAF the procedure is repeated from (vi). For third
octave output see Section 5.7.

In routine PSDFFT all data input from unit 3, except the heading record
and the first skipped record, are checked for parity and the program halts
with an operator message if an irrecoverable parity error is encountered.

Card Input Format

Data cards for this program are required as set out in Table VI.

If more than one channel is to be processed for the same test cards 2, 3, 4 and 5 are
repeated for each channel . A set of data cards is terminated by a card with characters
END in columns 1-3. A new card number 1 may be read in by inserting a card with
NEWT in columns 1-4 following the last card (number 5) of a channel set.

Output Format

Three types of output are available.

(i)

(i)

Printed statistics parameters and identifying comments. This is
optionally chosen by parameter ISTAT. An example is shown in
Figure 6.

Tabulated values of frequencies and power spectral densities.
These are optionally available according to parameter IPRINT.
An example is shewn in Figure 7.
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TABLE VI

D# 1 CARD INPUT FORMATS FOR MNPSDAF

Card |Variable Card [FORTRAN Descrioti
Number{ Nome | Columnsf Format escriprion

1 ITEST 1-4 A4 Test nume. or = 4 characters

] ISTACK 5-6 12 Stacked test indicator: blank or zero for non-
stacked.

] IFILE 7-8 12 File number for stacked datua.

1 ISTAT 9-12 I4 Statistics control parameter, Blank or zero for
no statistics output.

1 M 13-16 14 Log base 2 of number of points to be transformed.

1 NREC 17-20 14 Number of demultiplexed data records to be used
for calculation of psd in each frequency band.

1 NOCT 21-24 14 Number of frequency bands required.

1 F1 25-34 | F10.0 Lower frequency on output plot scale.

1 £2 35-44 | F10.0 Upper frequency on output plot scale.

1 NDECS 45-48 14 Number of decades on output plot psd scale.

i IPRINT 49-52 14 Print output indicator; blank or zero for no tabu-
lated printing of psd and frequencies.

1 ITHD 53-56 14 Third octave output indicator; blank or zero for
no third octave analysis.

2 ICHAN1 1-4 A4 Channel number - 3 numeric characters and alpha~
betic character A or B for the A or B multiplexer.
Numeric charactars between 001 and 128.

2 45 9-18 | F10.0 Channel sensitivity in millivolts per measured unit.

2 ISCALE 29-30 12 Plot output control; blank or zero for axes required
drawn on plot.

3 IBUF 1-80 | 20A4 :
Comments and identifying information printed

4 1BUF 1-80 | 20A4 with statistics output. Note: If ISTAT is blank or

5 IBUF 1-80 | 20A4 zero, these cards must be omlited.
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5.7

(iii) Plot of power spectral density versus frequency on logarithmic base 10
axes. The plots are six inches square and have test and channel numbers
drawn. Frequency scale is determined by F1 and F2, and psd scale is
chosen to fit the largest value in the results using NDECS decades. Axes
drawing and tick marks are optionally specified or suppressed by parame-
ter ISCALE. An example is shown in Figure 8.

If third octave cutput is specified then (ii) and (iii) above refer to the computed third
octave results. A description of this culculation is given in Section 5.7 below.

One-Third Octave Band Results

One-third octave band power spectrai density results are optionally available,
selected by data item ITHD. One third octuve band center frequencies are given by

f, = 2%~ 1070

where n is any integer, and the band edge frequencies are
=2V
£, = 2V° £

The lowest center frequency for which results may be obtu’ned in a particular calcu-
lotion is determined by the bandwidth of the lowest frequency band caleulated. It is
advantageous to specify several frequency bands in order to produce results at low
frequencies. The function of computer subroutine THDOCT, which calculates one
third octave band results, is as follows:

(i)  Find the first frequency (non-zero FRQ) of calculated results.
(ii) Find first interval in FRQ.

(}ii) Calculate lower edge frequency of lowest one-third octave band, based
on USASI preferred frequencies (octave band based on 31.5 Hz center
frequency) .

(iv) Calculate the one~thira octave band which is just greater than the first
frequency interval .

(v)  For ecch one-third octave baiid above this find all psd results, inter-
polating beiween frequencies in FRQ. The psd ordinates in eack band,
including the interpolated values on the edges of the band, are averaged
to give one psd value ct each center frequency; psd values and frequencies
are stored in COMMON arrays AK and BK. :
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6.0

6.1

6.2

CROSS POWER SPECTRAL DENSITY USING FFT

The maihematical metnod 7o this calculation is given in Reference 1, and the details
of the Fourier transform routine in 5.1 above. The organization of this program is
very similar to the program for calculation of direct power spectral density described
in Section 5; however, the calculation of cross spectral density by a Fourier trans-
form method also provides the direct spectral density of each of the two channels
involved. This isprovided in the program as cn option whereby in additicn to the
cross power spectral density the direct psd of either or both ¢hannels may be output,
The extensions to various other random data analyses are listed in Section 2.2,

Routines Comprising the Program

In addition to the subroutines described in Section 4 and FFT42M, the following
routines comprise the program ~ all written in FORTRAN:

(i)  MNCPSDF
This is the main program.
(i) CPSDCTLF
(iti} CPSDFFT
(ivi HANN
(v)  PLTCPSDF (ICNTL)

Parameter ICNTL determines whether direct psd for either of the two data channels
or the cross psd is required to be output according to the following:

ICNTL negative - first channel psd required

ICNTL zero = cross psd required
ICNTL positive - second channel psd required

COMMON Storage

Blank COMMON is the same as that described in Section 5.3 above with additions
as shown in Teble VII.

Labeled COMMON storage consists of one block as in 5.3, and is generaily similer
but with the following additions:

() Variable SS, the second data channel sensitivity, inserted between
S and NPTS.

24
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6.3

TABLE VI

ADDITIONS TO BLANK COMMON

Parameter Name Definition
KBAR Do loop counter used in CPSDFFT,
J Temporary integer counter.
CK(513) Real component of cross psd (unscaled).
DK(513) Imaginary component of cross psd (unscaled).
(b)  Arrays QSD(513), RSD(513), and SSD(313), inserted following FRQ.

These arrays, ana PSD, are defined as

PSD =~ first channel psd

QSD - second channel psd Assembled for various
RSD - real part cross psd frequency bands
SSD - imaginary part cross psd )

Program Function

Program listings are given in Appendix E. The program organization is very similar
to that described in Section 5, the main differences being in the input of extra data
from both cards and tape. The routines listed above correspond in function with the
routines listed in 5.2 (except for THDOCT which is not provided in this program),
and the functional description given below merely points out where the programs

differ.
(i)
(i)

(iii)

Read in extra parameter ICNTL from channel card.

The call to DEMUX wili separate data for two channels and store
the results on logical units 3 and 4 and print statistics for each
channel if required.

In routine CPSDFFT data is read from units 3 and 4 into arrays
IDATA and JDATA simultaneously and the Fourier coefficients
calculated for pairs of records treating them as real and imaginary
parts of complex data. There is no double buffering and con-
sequently there is no difference in processing depending on the
value of M. :
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(iv) !In rourine HANN the transformed results are separated intoe Fourier
coefficients, are passed through a Hanning filter as before and then
converted o direct psd fur each channel and real and imaginary parts
of cross psd according to Equations (3,10) to (3,12) of Reference 1;
results are stored in arrays AK, BK, CK, and DK, for direct psr
channel 1, direct psd channel 2, real part cross psd and imaginary part
cross psc!, respectively.

(v)  Filtering and decimation rejuires iwo calls to CUTOFF with parameters
3 and 4, respective'y.

(vi)  The output routine PLTCPSDF is called a varyihg number of times
de.ending on input varioble ICNTL which determines whether direct
psd for either channel is required as well as cross psd. The output
format is the same as described in 5.4, with the cross psd being dis-
played in the form of magnitude and phase angle.

(vii) "arity checking on tape operations follows the same pattern as described
in Section 5.4.

Card Input Format

The first card of a data card set is identical to card number 1 of Table VI with ICNTL
taking the place of ITHD. Values of ICNTL and their effec ts on output of results

are:

ICNTL = 0 Cross psd only

ICNTL = 1  First channel direct psa and cross psd
ICNTL = 2 Second channel direct psd and cross psd
ICNTL =3 Both channels direct psc and cross psd

Card number 2 is defined in Table VIII.

Three cards of comment and identifying information for the first channel and three
cards for the second channel must follow card 2, with repeated sets for other chunnel
pairs following if required. The deck is terminoted by an END card (columns 1-3)
or a new card 1 may be input by a NEWT card (columns 1-4) .,
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6.8

Output Format

Three types of output are provided:

(i)

Printed statistics parameters and identifying comments for the two
channels, optionally selected by parameter ISTAT, An exampls is
shown in Figure 9, Note that if the statistics option is not selected
the input comment cards are not required.
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TABLE VIII

DATA CARD 2 INPUT FORMAT FOR MNCPSDF

r

Card
) mber

Vaoriable
Name

FORTRAN
Format

Card

Cclumns Description

2

N3

ICHAN;

1 ITHAN2
s

SS
ISCALE

1-4 Ad First channel number (See Table VI for permissible

forms) .
5-8
18

Second charnel number.

First channel sensitivity in millivolts per measured
unit,

19-28
29-30 12

Second channel sensitivity, as above.

Plot output control; non-zero to suppres: axis dis-
play.

(ii)

(iii)

Tabulatad values of frequencies and cross psd expressed i the form

of magnitude and phase, the latter in degrees in the range + n. This
tubulation is optionally available uccording to the value of parameter
I'RINT. An example is shown in Figure 10.

Plots o cross power spectral density and power spectral density versus
frequency on logarithmic base 10 axes. The cross psd plot contains
three functions: magnitude versus frequency, absolute value of phuse
versus frequency and sign of the phase angle versus fre yuercy (expressed
as either C or 1 for positive or negative angles). =xis dre.ving, labeling
and tick marks are optionally specified or suppressed by parameter
ISCALE. An example is shown in Figure 11. Power spectral density
plots are exactly as described in 5.6 (iii).
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7.0

7.1

7.2

DIRECT POWER SPECTRAL DENSITY USING AUTOCORRELATION

The mathematicai . “athod for this calculation is given in Reference Z. The program
organization follows thai given in Section 5, but instead of the FFT routine an
assembly language routine is provided which calculates the autocorrelation function
und the Fourier transform of an arbitrary number of real data. The computer program
is described below .

Routines Comprising the Program

The program is composed of the routines described in Section 4 together with the
following:

(i) MNPSDA. This is the main program.
(ii) PSDCNTLA
(iii) PSDAUTO

(iv) CORLAT(I) Patameter I takes values 1 or 2 to indicate in which half
of COMMON array IDATA dota being analyzed is stored.

(v) PLOTPSDA

COMMON Storoge

The first 28 words of blank COMMON are given in Table II and the definiticns
retained. The remainder of blank COMMON is used by the routines of Section 4
as scratch storage and by the above routines for data transfer. Of the remaining
blank COMMON storage the definitions of variables NCOUNT through N given in
Table IV ore applicable. The remairing definitions are given in Table IX.

Labeled COMMON storage consists of one block with label/DATA/, and is defined
in Table V, but with the following modifications:

(@) M is now the number of legs for the calculation of the autocorrelation
function.

(b) NPTS, MPTS, and MBAR are not defined.

()  Arrays PSD and FRQ have dimensions 1001.
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TABLE IX

BLANK COMMON USAGE FOR PROGRAM MNPSDAA

Parameter Name Definition

EXTX(1000) This array is used to store the overlapping part of a record when th=
auvtocorrelation functicn is being calculated from a series of records
read into array IDATA in sequence.

AR(1001) Autccorrelation coefficients for M lags are summed in this array cal-
culated over the number of records specified by NREC.

CK(1024) The psd volues, obtained from a Fourier transform of the autocorrela~
tion coeificients, are held in this arruy before being selectively
transferred to PSD.

I, K, L Counters for various Do loops.

KREC Record number counter for each frequency band. Data input is con-
trolled by this parameter.

KBAR, J Scratch storage.

XMEAN Mean value for each set of data input, including filtered data,

SIGMA Standard deviation for each data set.

7.3 Prcgram Function

Program listings are given in Appendix F. The basic program organization is the same
as that described in Section 5.4, the main differences being the substitution cf routine
CORLAT for FFT42M; the otker routines have corresponding functions. The function of

these routines are as follows:

(i) = Identical to the functions of Section 5.4, with the appropriate routines

(xi)

from the list of Section 7.1 inserted where required and with the fol.owing

modifications:

(@) M is the number of lags in the autocorrelation process with a
maximum value of 1000.

(b) item (iv) is deleted.
(¢) NPTS, MPTS cnd MBAR are not calculated.

(d) Array EXTX is cleared instead of BK.
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(xii)

(xiii)

{xiv)

{xv)

(xvi)

{xvii)

(eviii)

(xix)

(xx)

(xxi)

Increment KREC by 1. Initiate input of next data record into the second
half of IDATA and call routine CORLAT with parameter 1 to indicate
analysis of data in first haif of IDATA.

Routine CORLAT calculates the contribution of o 1024 word data record
o each of the M + 1 autocorrelation coefficients and also the contribu-
tion to the mean value for this set of data. The last M words of the pre-
vious record are assumed to be held in array EXTX and are used in the
calculation of the autocorrelation coefficients, see Equation (7.32),
Reference 2. The last M words of the curient record are then placed in
EXTX (overwriting the previous set) fcilowed by exit from the routine.
The products and summations for autocorrelation coefficients and mean
(in COMMON variables AK and XMEAN, respeciively) are carried out
in 48 bit binary integer arithmetic.

On return to PSDAUTO KREC is checked for equality with NREC. If
they are not equal the input initiated in (xii) is checked for completion,
transmission parily errors, and end of file. KREC is incremented by 1
and input of the next data record is initiated.

Call routine CORLAT with parameter 2, indicating analysis of data in the
second half of IDATA, and on return compare KREC with NREC and if
KREC is smaller repeat the procedure from (xii), otherwise go on to (xvi).

When the required number of records have been read or an end of file
detected use entry point FLOATAK of routine CORLAT to convert the
M + 1 autocorrelaiion coefficients and data sum from 48 bit fixed point
integers tc 48 bit floating point numbers.

Calculate mean value by dividing data sum by the number of the data
and convert the autocorrelation function to that for a zero mean ofter
dividing each coefficient by its appropriate value of n - r.

Generate a series of cosines with crguments in/M fori =1, 2,3,...,
M = 1 in array EXTX and call entry point FTRANS of routine CORLAT.

FTRANS calculates the Fourier transform of the M + 1 autocorrelation
coefficients (Equation (7.39), Reference 2), using the table of cosines
stored in COMMON arrovy EXTX.

On return from FTRANS the transformed values are smoothed using a
Hanning snectral window (with weights 1/4, 1/2, 1/4, see Equation
(7.46), Reference 2), and exit tc PSDNTLA is effected.

The remaining part of the program is identical to operations (xviii) =
(xxv) of Section 5.4 with the following modifications:
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7.4

7.5

(a)  psd conversion frctor depends on octave number and channel
sensitivity only.

(b)  Frequency values are gencrated in array FRE which is equivalenced
to array IDATA.

(¢} NCOUNT is set initially to 1001.

(d)  Third octave routine is not used.

(e)  Routine PLOTPSDA examines ecch value of PSD and if negative or
zero is made equal to 107, to avoid a negative or zero argument

when calling the ALOG function.

Card Input Format

Card input formats are identical to those specified in Section 5.5 with the following
modifications:

(@) M is the number of logs when calculating the autocorrelation fun-.tion.

(b) ITHD is not included on Card 1.

Output Format

Output formats for printed and plotted results are identical to those described in
Section 5.6. Figure 12 shows the power spectral density calculated using auto-
correlation for the same data as that used for Figure 8.
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8.0 CROSS POWER SPECTRAL DENSITY USING CROSS CORRELATION

The mathematical details of this calculation are given in Refererce 2, and the pro-
gram is described below .

8.1 Routines Comprising the Program

The program is composed of the routines described in Section 4 togerher with the

following:
(i)
(i)
(iii)
(iv)
)

MNCPSDA. This is the main program.
CPSDCTLA
CPSDAUTO
CORLATXY

PLTCPSDA

8.2 COMMON Storage

The blunk COMMON description given in Section 7.2 applies here together with the
following additions:

(i)

(ii)
(iii)
{iv)

v)

EXTY (1000; for storage of overlapping part of second channel records
used in the cross-correlation calculation.

BK (1001) for storage < f one set of cross-correlation coefficients.
YMEAN for summation of second channel data.
SIGMAY for storage of second channel variance.

KREC ana KBAR do not appear.

Labeied COMMON storage consists of one block with label/DATA /identical to that
described in Section 6.3 but with the following modifications:

(a)
(b)

\c)

RSD and SSD are deleted.

PSD and G:SD contain real and imaginary parts of the cross spectral
density.

Array dimensions are 1001 .
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8.3

8.4

8.5

Program Function

Program listings are given in Appendix G. The organization is similar to that
described in Section 7.3, with the additions required for the handling of data from
two data channels simulataneously .

Input data is similar tc that given in Section 6.5 and the subreutines listed ir.
Sections 7.1 and 8.1 have corresponding functions. The major differences occur
between PSDAUTO and CPSDAUTO and between CORLAT and CORLATXY. In
the former case, routine CPSDAUTO reads in pairs of data records from the two
demultiplexed dato channels held on logical units 3 and 4, res- eciively, before
processing them; thus there is no porallel input and processing. In the case of
CORLAT and CORLATXY the latter routine calcuiates cross-correlation coefficients
for M positive and negative lugs, using 48 kit “nieger arithmetic, which are stored
in arrays AK and BK. Entry point FTRANS c« '<ulates the Foutier transform of the
sums and differences of the cross-correlatior :-efficients using tables of cosine and
sine values held in arrays EXTX and EXTY, .- sectiv~ly. After Fourier transforma-
tion a Hanning spectral window is applied to ke r-ai and imaginary parts of the
cross psd in the usual manner.

The output routine PLTCPSDA plots and prinis the results in terms of cross psd
magnitude and phase as a function of frequency.

Card Input Format

Card input formats are identical to those specified in Section 6.5 with the following
modifications:

(i) M is the number lags when calculating the cross correlation function
(positive and negative lags)

(ii) ICNTL is deleted.

Output Format

Output formats for printed and plotted results are identical to those described in
Section 6.6.
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9.1

9.2

9.3

[NSTRUCTIONS FOR USE OF THE PRC GRAMS

Software Requirements

The programs are written in a combination of FORTRAN and assembly language
(COMPASS) for the CDC 3300 computer and are intended to be run under the SCOPE
operating system. Slight changes are necessary to permit the programs to be run
under the MASTER time-sharing, multi-programming system; in this case, MASTER
requires provision for output to a plotter.

In addition to the usuai FORTRAN functions that are required, a series of routines
to drive a Calcomp Model 565 piotter are cailed for by the various output routines;
the required piotter routines hove entry points nomed PLOT, SYMBL4 and NUMBER
and their usage is described in Reference 5.

Hardware Requirements

The following hardware configuration is necessary to run the prograrms:

32K Words storage (K = 1024)
1 Card reader
1 Printer
] Plotter
5 Tape drives (4 in the case of progiams to

calculote direct psd only).

One extra tape drive to read the systems tape is desirable. Three of the tape drives
are used as scratch units and may thus be replaced by alternative mass storage units
such as discs or drums.

Logical Units

In addition to the SCOPE system units the logical units specified in Table X are used
by the progroms,

Tapes usec o, 33ical units 1 and 2 are always recorded at hyper~density (800 bpi),
while the remaining tapes are used at standard density .

34
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TABLE X

LOGICAL UNIT USAGE

Logical Unit
oﬂs:’nber ' Usage EQUIP Card
] Multiplexer A input data tape ; EQUIP, 1 = MTCOEOUOQ3
Multiplexer B input data tape. (If only v
2 one multiplexer tape is being used, 9 EQUIP, 2 = MTCIEQOUO4
logical units 1 and 2 may be equated.)
Scratch unit for Ist channel demuiti- 7 _
3 olexed data. 9 EQUIP, 3 = MTCOEOUO5
Scratch unit for 2nd channei demulti- 7
4 piexad data. (For the direct psd programs 9 EQUIP, 4 =MTO1EQU06
logical units 3 and 4 may be equated.)
51 Scratch unit used in the f.itering process ; EQUIP, 51 = MTCOEQUO7
TABLE XI
BANDWIDTH AND DEGREES OF FREEDOM FORMULAE
Banuwidth Frequency Degrees of “reedom
Interval
FFT Method 2h/2**M h/2**M NREC/2**(M ~ 11)
Auto/Cross X
Correlation h/M h/(2*M) 2048*NREC/M
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9.4

Choice of Analysis Parameter,

The choice of certain of the parameters which goverr the analyses is extremely
important if meaningful results are to be obtained from the programs. These
parameters are:

(i) M the log base 2 of the number of transform peints in the FFT
programs .

(i) M the number of lags in outo-cross correlation programs.,
(itiy NREC the number of 1024 word data records to be used.

(iv) NOCT the number of frequency bands into which the frequency
axis is divided.

(v)  h the data sampling rate.

These values determine the analysis bandwidths and statistizal accuracy (measured by
number of "degrees of freedom") as indicated in References 1 and 2. For the FFT
based programs the number of transform points is constrained o be an integral power
of 2 and thus, for given h, choice of bandwidth is not very flexible. It should be
noted that for a given value of 2 * * M and M the bandwidth in the direct Fourier
transform method is twice that of the auto/cross correlation method, but with the
same number of degrees of freedom for the same length of data sample. A summary
of the formulae for bandwidth, frequency interval and degrees of freedom in terms
of the above parameters is given in Table XI. Since two values of psd are obtained
per bandwidth the frequency interval between adjacent psd values is half ine
bandwidth.

It should be noted that, following FORTRAN terminology, a single asterisk means
multiplication and a double asterisk raising to a power in Table XI,

Fcr the analyses when NOCT = 1 constant bandwidth results according to i7s above
formulae are obtained; when NOCT is greater than 1 the formulae of Table XI refer
to the highest frequency band and for each lower band the bandwidth and frequency
interval is effectively half that of the adjacent highe: band since the sampling rate
in each band is successively divided by 2 by the filtering and decimation process.
The number of degrees of freedom is maintained constant in each band by the pro-
cedure of analyzing the same number of data points for each frequency band, i.e,
the amount of time covered .y the data in each band is always dout!e that of the
adjacent higher band. The total number of data points required for the analysis is
given by NREC * 2 * * (NOCT +9).
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The frequency bands are aiways chosen on an octave power of 2 basis with the upper
band containing a complete octave plus any residual up to the highest frequen~y
represented by h/2 cycles per second. Similarly, the lowest band contains o full
octave plus the residual down to zero frequency. The remaining bands all cover

1 complete octave.
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10.0

ERROR MESSAGES

Throughout the various progrem. a variety of diagnostic messages are availabie to
indicate the occurrence of errors (mainly parity on input/output or unacceptable
input data) and ether reportabic conditions. The following is a list »f all the
diagnostic messages and their meanings under the headi: ~ of the subrcutine names
in which they occur. Throughout these messages a group or XXXX implies o number
that will be cupplied at program execution time.

Messages are clways output to rne standard output unit (Logical Unit 61) unless
otherwise indicated below.

(a) DEMUX

1.

NUMBER OF OUTPUT SAMPLES CALLED FOR XXX (XX
RECORDS) EXCEEDS NUMBER AVAILABLE ~ XXXX

This message is produced when r.ot enough date sumples fer this
channel are available on the appropriate multiplexer data tape
to meet the number required.

END OF FILE DETECTED WHILE READING DATA TAPE

An end of file has been cetected before the required amount of
data has been input from a multiplerer tape despite the indication
from the initicl records that there is snough data.

DATA ENDS AFTER XXXX RECORDS XXXX RZCORDS CALLED
FOR XXXX RECORD> WILL BE OUTPUT

This message follows number 2 when insufficient input data has
veen found.

WORDS,INPUT RECORD - XXXX - EXCEEDS 2000

The records trom the input data tapes contain XXXX werds which
exceeds the available buffer sizes in DEMUX. After this
diagnostic, program execution terminates.

(b) SCANTAPE. All the diognostics in this section cause termination of
program execution.

5.

MISPLACED ECF ON INPUT TAPE LUN XXX

The initial records on un input tape are not in correct order .
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(d)

WRONG TAPE, ID(11) READ AS XXXX

The test identifier read from a card does not agree with that on
the input tape.

WrONG TAPE, ID(12) READ AS XXXX

Input tape multiplexer identifier is not MUXA or MUXB as
appropriate .

CHANNELS MQT PRESENT OR iNCORRECTLY SPECIFIED

A channel wmber from card is nct among those on the input
tapes.

STATIST

9.

INCREMENT INVALID, INC = XXXX NO HISTOGRAMS

The cel! interval for amplitude prebability distributions is not in
fhe range 80 to 4095.

ERRECOV

10.

11,

12,

PERSISTENT PARITY ERROR * * * = *» *

A permanent parity error has been fcund on o tape. This message
is always followed by a further message indicating on which logical
unit and in which phase of the demultiplexing process the error
occurred.

PPE CALLEC, ENOUGH DATA LEFT TO RESTART

A pcrity error on an input data tcpe has been detected and enough
datu reamins in the submultiplexed group to allow the demultiplexirg
process to restart.

PPE CALLED, INSUFFICIENT DATA TO RESTART, OMIT RECORD
AND CONTINUE

As above, but not enough data remains to restart so the record in

error is omitted from the soi of input records and the demultiplexing
process continues.
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(f)

(h)

()

LPFILT

13.  PARITY ERROR ON INPUT LOGICAL UNIT XXXX WRITTEN
ERROR FREE. CLEAN TAPE HEADS AND RESTART JOR

An irrecoverable parity error has been detected cn logical units
3 or 4 which are known to have been written error-free in routine
FILLOUT. Execution terminotes ofter this messoge.

MISCELL (entry poiat BACKSKIP)
14. LOAD POINT FOUND ROUTINE BACKSKIP

In skipping backwards to an end of file the load point of the tape
has been reached. Execution terminates.

PSDFFT, PSDAUTO

15. PARITY ERROR READING LOGICAL UNIT 3 AFTER ERROR FREE
WRITE. CLEAN TAPE HEAD AND REPEAT JOB.

This message appears on the CTO unit (comment to operator) and
is self-evident. Execution terminates.

CPSDFFT, CPSDAUTO

16. PARITY ERRORS ON READING LOGICAL UNITS 3 and 4 AFTER
ERROR FREE WRITES. CLEAN TAPE HEADS AMD REPEAT JOB.

This message appears on the CTO unit after a parity error on
either logical unit 3 or 4. Execution termir.ates.

PSDCNTLF, PSDCNTLA, CPSDCTLF, CPSDCTLA
17.  TOO MANY POINTS IN PSD RANGE

This message appears when the number of psd values exceeds the
available array space. It can only o~cur when NOCT is greater
than 1, Results are gensrally meningless because some data in
core storage will have been avera :ite:1.

Alf the following diagnostics cause program temination:

(k)

MNPSDAF, MNCPSDF
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(m)

1€. M GREATER THAN 10

The value of M read from the input daty is ton lerge.
MNPSDAA, MNCPSDA
19. M GREATER THAN 1000

The value of M read from the input data is too large.
MNPSDAF, MNCPSDF, MNFrSDAA, MNCPSDA
20. Fl = XXXX GREATER THAN F2

Lower frequency greater than upper frequency in required plotting
range, reod from input data.

21. MORE THAN 10 PLOT DECADES SPECIFIED

Value of NDECS read from th- irput data exceecis 10.
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PROGRAM EAECUTION 7IMES

The major factors which influence the execution times for the progiams are the
analysis bandwidth, number of frequency bands and the number of data samples

used in each band. Of the totai execution time, the time to piot the results on-linc
is generally significant and this varies with the degree of variability of the psd. A
further variable is the ar.ount of time spent searching the input tape(s) to find a
particular channel of deta. An echaustive and detciled cttempt to determine execu-
tion times has not been possible but the times given in Table XII for various anaiyses
are representative. Details of the four analyses are given in Table XIII; times are in
minutes and include plotting time but do not include time to read the program into the
computer, mount tapes, and read data card number 1.

It is observed that in the analysis using 5 frequency bands the correlation method is
faster than the Fourier transform method; since twice as many data pcints are required
for the latter method to give the sume number of degrees of freedom it is apparent
that the gain in speed of the FFT is outweighed by the extra filtering time required
for this particular case,
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TABLE X:I

PROGRAM EXECUTION TIMES

Analysis Analysis t Analysis Analysis
Program No. 1 No. 2 No. 3 No. 4
MNPSDAF
WCP /68-20 1.22 1.30 2.28 6.33
MNPSDAA
WCP/68-21 1.57 2.84 3.54 5.23
MNCPSDF
WCP/68-22 2.94 3.60 4.85 11.90
MNPSDAF
WCP /6823 3.40 4.67 5.77 8.95
TABLE XIII
TIMING ANALYSIS DETAILS
. No. of Lowest No. of Neo. of
A,:?f;{:: Transform t\:;' of Bandwidth | Frequency | Degrees No. of Data Samples
Points & (Hz) Bands of Freedom| FFT Correlation
1 512 256 23.4 1 40 10,240 5,120
2 512 256 23.4 ] 104 25,492 13,321
3 512 256 6.86 3 64 8,192 4,096
4 256 128 3.43 5 64 8,192 4,096
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12.0

CONCLUSIONS

A series of computer programs for power spectral density of discrete data have been
described and documented. The methods include direct Fourier transformation and
use cf the corelation function, cpplied to both direct and cross spectral density; a
facility for varying the analysis bandwidth over the frequency range has also been
provided. Full detoils hove been included for use of the programs and for program
maintenance ana extension. Further analyses which can be of interest have been
indicated.
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Rewind 51,

LUN. Skip

Call ERROUT

1 to Repeat or

SKIPSIX to
Restart

Over Header
Record on LUN

Copy Data
rom 51to LUN
Endfile LUN

( RETURN )

Figure 3. Concluded
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Entry: Routine
LOOP

1
For Points | te

K Caleculate
Array Addresses

|
Sum Pairs of

Data with same
Weights in
Array N

all PRO

to Form Sum of
Products of

Data, Wejghn

|

‘ RETURN ,



-~

to Routine FFT42M

l

Pick-up Parameter
NMX: Form NMX /4
Set First Value of

Table = cos0 =1.0

Gtry Point COSTABL R

Set iX1= NMX ‘4. Pick
up Parameter INOUT and
Set Operand in XQA as
0 or -0 Depending on
INOUT being 0 or #0

Form 2n/NMX
Set n=1

Set MLP=N
Set ILP =1

|

Calculate ’
cos 2nn/NMX

Store in Table Set MLPOV4 I
ne s = MLP/4
Set W1=IX1*ILP

IW2= IC2 = 2¢TW]
/
No W3 351
IC3 = W3
IC1 = W1
Yes IOSV:=
RETURN —T

MLPINC =
MLP*INCT
i JNCT=MLPOV4*INCT

Entry: Routin=
FFT42M

Pick up Parameters
Form NMX = 2**LG2NMX
LG4N = LG2N/4
N = 2**LG2N

©

ey ————
- - oof

Figure 4. Flow Chart of Routine FF142M
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W i X -
IC1=1C1+ W1 Form Indices
IC2=1C2+ W2 iT=10+JNCT
IC3=1C3+IW3 I2=11 +JNCT

13=12 + JNCT]

C'OSZ =IC1 Enf-'):_“’ * Calculate Fourier Trans-
cosine Table. !?INZ"IC] + form on 4 Points Indexed
@_— (NM;(/“ Entry in the 'I)'cblez by 10, 11, 12, I3 in the Input
with appropriate sign). IC Data A Using Values of
gives COS1 and SIN1, IC3 aézosr;oy;INs;ngetcc ue
gives COS3 and SIN3 T

I0=10+
MLPINC
Negate—(T)Sl ,
SIN1, COS2, _Yes
SIN2, COS3,
SIN3
No
ILPCT =
ILPCT + 1
I0 = 10SV
ILPCT =1
] IOSV =105V
+ INCT

* This table occupies one quarter
cycle and a table look-up routine
provides the value from the table
in the correct quadrant

Figure 4, Continuved
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MLPCT =
MLPOV4

Complete Transform
for LG4N Odd by
Final 2*N/2

Transform

MLPCT
=MLPCT + 1

ILP = 4*]LP
MLP=MLPOV4

OUTLPCT =
LG4N

OUTLPCT =
OUTLPCT + 1

tigure 4. Concluded
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ntry Point:
Main Program

MD(1) =MD(2)
=0

Rew nd 1
__Rewind 2

o.1.ISTACK
ISTACK+1 ITH

Call SETUP to
Initialize
Plot Routine

Chec:.. Vaiidity

of Card 1 Data

Print Message
if Invalid

oll FFT42ZMto
Set Up Paoran.-
eter Addresses
{Call COSTANRLE

Calculate
Number of
Input Records

\
Read Card
No.2. ISCALE

. Cal! DEMUX

Calculate No.

of Degrees of
Freedom

Adjust Number
of dof and
Number of Fre-
quency Bands

Print Band~
width, dof,
etc,

=]SCALE +1

Call PSDCNTLF
Call ONECYC
if ITHD =0, if

not Call THDOCT
and OCTOV3

Figure 5. Flow Chait of Program WCP/68-20 '
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Entry: Routine

PSOCNTLF

NPTS=2**M

MPTS = NPTS/2+ 1
MBAR =5312/NPTS

7OCT=0

Call PSDFFT
Calculate Upper
Frequency Band

FU.NCOUNT=513

KOCT=KOCT+]|

Gen=iate Fre-

quencies in
Array BK

Normalize AK
Array to PSD
Using
Sensitivity

Calzulate
Lower Limit of
Frequency Band
FL

Yes

Print
Message

RETURN

For All Frequencies Be-
tween FU and FL Preserve
psd ir. PSD and Frequency

in FRC . Decrement NCOUNT
by 1 Each Time

Call CUTOFF

for Unit 2

=~

Figure 5.

Continuved

Coll PSDFFT
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Entry: Routine
PSDFET

[

Input Heaer
Record 'Init

3

KREC = KREC
+ 1 Commence
Input Next
Data Record

Section Previouy
Record Into
MBAR Lengths
NPTS Long |

‘ Yes

1

Call FFT42M
and AKBK
MBAR/2 Times

Skip Over
1st Data Record
Unit 3

Clear Arrny
AK and BK
Set KREC =0

Input 2nd
Data Record

Print Message
STOP

Parity Error

Figure 5. Continved
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KREC = KREC +

Record In
MBAR Lengths

]
Section Previou%

[ Call FFT42M |
MBAR/2 Times

{ RETURN

Input Next
Data Record
KREC =

KREC + 2

l

Print

Message

STOP

Figure 5. Concluded
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Parity
Error Last
Input?

Commence
Input Next
\ Data Record

Call FFT42M And
AKBK to Analyze A
Pair of Records (Real
And Imaginary Parts)

Yes KREC=

NREC ?

No
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Figure 8. Graphical Output from Program WCP/68-20
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Figure 11. Graphical Output from Programs WCP/68-21 and WCP/68-22
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APPENDIX A

Listing of Dato Demuitiplexing Routines
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3

Ferg ek} SUEDE AR SU s pmw e weaw e D W e o TR Y=

s seenancy

aacaaan aQaaoaaa

OO0

100

i10
112

113¢

1134
113¢
113¢

1137

3200 FORTRAN (2,2) Y

SURKCUTINE UEMUX(N10Q24R,ISTAT,INCIST)
COMMCN JTEST, 1 "HMANY, ICHAN2,[HALF ,MD(?)
COMMON ID(18) INF{T7),ISTACK,IFILE,TDATAC2000,2), INDD, IREC
COMMON N1,n2,N3,M4, A5, N6,N7, 8, NF,N1D,NL1,N1?,NL13,N14,N15,N16,N17
COMMON NI3sMMM, [G,JG,KGsMCHAND, |
COMMON [S4aVE(L1024,2,2)
COMMEN JS, JJS)KS,MWC, IFLAG(2), IDONE
CIMEANSIGN IDREC(A)
EQUIVALENCE { [JUKEC(4) » SRAYE) ,(JUREC(1),INDATA(2))
REWIND 3
REWIND 4
MCHANIZANDC(ICHANY, T7R)
MCHAN2=AND(ICHAND?,77R)
TF(MCHANL ,EW.4H000A,AND MCHAN2 EQ,4HO000A}1N0,19
TF(MCHANL EQ 4HOOQA,AND ,MCHAN2 ED,44000 )100,20
TF(MCHANY ,EW,4HO00R,AND,MCHAN2 EQ,4100082110,29
1F(MCHANL,FU,9HD00B,AND ,MCHAN2 ,EQ,4H000 1110,30
IF(MCHANY =0 ,4HQ0N0A,AND,MCHAN? ,EQ,4H0008)500, 40
K = YTCHANZ
« = ICHANY
Lun = 2
GO TL B2y
= [ICrhaNY
v * ICHAN2
LuN =2 1
1IC = 2
MMM o= 1

SURRCUTINE SCANTAPE SEARCHES RFQUIRED MULTIPLEXER TAPE FOR THE
FEGIANING OF THE SUMRUX GRGUP C€OR THAT TEST AND CHANNEL PAIR,
FNTRY SEARCH IS USED FUR ALL SEARCHES OTHFR THAN THF FIRST ON
THAT MULTIPLEXEK

CALL SCANTAPE(K,4an 1)
CALL SCANTAPE(J,$NW 1 2)
GO TC 1130

CASE OF BOTH CHANNELS ON THE SAMF MUX TAPE, OR ONE CHANNEL ONLY
rz1, MUX?

"32, MUXB
LE D!
€0 TC 112
va32

CALL SCANTAPE(ICHANL, [CHANZ M)
WRITE TITLE ID ON OUTPUT TAPE (LU 3) ANY SCRATCH TAPE (LU 4, iFf REQUIRED)

iIC = 1
IDREC(3)sICHANY
SRATES41700,0 7/ (FLOCAY(INF(7)>eINF(6)) + 1,n)
!DREC(6) = 0
IDREC(1) = ID(1Y)
IDREC(2) = [D(13}
ANPE 3 0
EUFFER QUT (3,1)CIDREC(1),IDREC(S))
GO TC (1135,1137,1137,1136),UNITSTF(3)
CALL ERRECOV(B,S.NPE,J)
GO TC (1137,1134),
CONTINUE
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113¢

1135
114¢
1141

114
1144
120

150
151
152
153

155

IF(MCHANZ ,FQ.4HOND ) 1144,1138
IDREC(3) = ICHAN?

APF =2 0

EUFFER QUT(4,1)(TDREC(1):IDREC(6))

GO TC (1140,1142,1142,1141),UNITSTF(4)
CALL ERRECGV(8,4,.NPE, J)

€0 TC (1142,1139),J

CONTINUE

IDONE=D

IRFC=0

CYCLING INDEXES -

CHANNEt 2 SAMPLE )

N1 = SAMPLES/YECORD INPUT paATa

NZ = NUMBER OF CHANNELS IN A SURMUX GROUP

N2 = SAMPLES/CHANNEL/RECORD [NPUT DATA

M4 = SAMPLE [N]TIAL INCREMENT FOR CHANNEL 1
NS = SAMPLE INITIAL INCREMENT FOR CHANNEL 2
NE = UPPER LIMIT OF SAMPLE-COUNTING LOOP

N7 = SAMPLE ANDRESS FOR CHANNEL 1 SAMPLE

NE = SAMPLE ADDRESS FOR CHANNEL 2 SAMPLE
N10 = 1 FOR LOWER HALF OF WORD, 0 FOR UPPER ( CHANNEL 1 SAMPLE )
N1l = 1 FOR LOWER HALF OF WORD, 0 FQR UPPER (
NiZ = NUMHER OF SAMPLES OUTRUT PER CHANNEL
N14 = NUMHER OF INPUT RECORDS ON MUX TAPE

N1? = WORD ADDRESS, CHANNEL 9§ SAMPLE
Ni18 = WORD ADDRESS, CHANNEL 2 SAMPLE

CALL CONVERT(ICHAN1,K)
CALL CONVERT(ICHANZ,J)
Niz2¢INF(4)

N2 INFC7) = INF(m) « 1
NI=N1/N2

M = K-INF(6)+2

NS = JeINF(8)+2

h6=N1=-N2

N9 = INF(4)
A12z01024R+1024

N4z (INFILI*N2) /(20 INF(4))
IFINI2.GT,INF(1))130,132
WRITE(61,131IN12.N1024R,INF (1)
N1024RsINF(1)/2048
WRITE(61,1310)N1N24R
IFCINF(4),GT,2000) 133,135
WRITE(61,134) INF(A4)

€TOP

MWCsz0

«S=i=l

IFLAG(L)=]IFLAG(2)=0

GO TC(150,5021) 1C

SUFFER IN FIRST RECORD OF DATA

APELE0

FUFFER IN{Ms;1)(INATACL1,1),IDATA(ND,1))
GO TC (152,160,153,155),UNITSTF(M)
WRITE(61,154)

STOP

CALL ERRECOV(S,M.NFE1,J)

GO TC (156,151),.
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aQaaaa

1€0
1€2

1€3

200

aaggaaaa

205

210
215

s XNz Ke]

220

240
2%0
260
270
271
273

275
276

280

1DONE=1DONE+1
GO0 TC 150

FIRST RECORD INPUT - COMMENCE MAIN CYCLE DOURLE-RUFFFRING AND
SIMULTANEQUS PROCESSING

ANPE2=0

FUFFER IN(M,1)CIDATA(1,2),IDATAING,2))
IF(NFE2,EQ,02163.220
D EST

CO 200 1=0,N6,N2
N7=N4+]

ANB=NSel

N17=N7/2

ANiBzANB/2
N1O0=AND(N?, D)
N112AND(NG, 1)
MHC=MWCe1

CALL filLtouT

CONT INUE

FAVING PHOCESSED THE DATA IN RUFFER IDATA(1), AND HAVING PRESENTLY
FEARTIALLY FILLED ONE HWALF OF QUTPUT RUFFER ISAVE, CHECK CN WHETHER
YHE CTYHER HALF HAS BEEN BUFFERcD=0QUT BUT NOT PARITY CKECKED,

1F SC, PERFORM PARITY CHECK AT TWIS STAGE.

1FCIFLAG(JJS)EU.1)205,220
CALL CHECKPAR(3,1,J4JS)
IF(MCHANZ ,EQ,4H3N0 )215,210
CALL CHECKPAR(4,7,J4S)
1FLAG(JJS)=0

CHECK PARITY OF RUFFER IN TO IDATA(2), BUFFER IN NEXT RECORD TO
IDATA(L1) WHILSY PROCESSING DATA OF INATA(2)

GO TC (220,270,271,240)Y+UNJTSTF (M)
WRITE(61,222) IRFC,N1024R

GO TC 610

CALL ERRECOV(07,M,NPE2,J)

GO TC (250,162)J

CALL PPE! 1ACT)

CO TC t120,260), TACY

NPE230

EUFFER IN(M,1)(INATA(L,2),IDATA(NG,2))
€0 TC 220

1f (IREC~N1024R)?275,271,271

CALL CHECKPAR(3I,1,JJS)

IF (MCHAN2 .EQ, 4H000 )610,273
CALL CHECKPAR(4,2,J4S)

GO TC 610

APE1320

FUFFER IN(M,L)UIDATA(L,1),1DATAING,L))
1F (NPE1,EQ,G) 280,320

INDDs2

LO 300 120,N6,N2

AN7zN4el

NBENSe

N173N7/72

N18z2N8/2

NIV AND(NT, 1)

NitasAND(NS,1)

PACEMWCeL
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305

3
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564

562

565
870¢

5714
575

580
5e1

CALL FlLLOUT

CONTINUE
IFCIFLAG(JJUS)EQ.1) 305,320
CALL CHECKPAR(3,1,.JS)
IF{MCHAN2 ,EW,4H0N0 1)315,310
CALL CHECKPAR(4,2,J.51
IFLAG(JJS)=0

CHECK PARITY QF RUFFEZR IN TO [NATA(L),
TATA OF I1DATA(Y)

€O YC (320,370,274 ,33C),UNITSTF (M)
CALL ERRECOV(07,4,:PEL, J)

GO TC (340,276},

CALL PPE!( [ACT)

GO TC (120:350).1ACT

APEL1=0

BUFFER IN(M 1) CINATA(L,1),IDATA(NG,1))
£0 vC 320

IF (IREC-N1024R)150,271,271

CASE OF TWO CHANNELS REQUIRED ON DIFFERENT MULYIPLEXER TAPES

CONTINUE

CHANAEL 1 DATA [S ALWAYS QUTPYT ON LU 3
CHANNEL 2 DATA IS ALWAYS OUTPUT ON LU 4

APFsD
FUFFER IN(LUN,1)(IDATA(L,%),IDATA(NS,1))
€0 TC (552,960,153,554),UNITSTF(LUN)
CALL ERRECGV(D5,! UNJNPE,J)
GO TC (555,551), )
IDONE=IDONE
¢0 TC 550
GO TC (564,562),MMM
[0 564 130.N6,N2
h’lN“l
N173N7 7 2
N1D = AND(N7,1)
FWCaMWCe+d
CALL FIlLLOUY 2
CONTINUE
GO YC 5709
r0 565 120,N6,N2
N7=NSel
AN173N7? /7 2
NLCzZAND(NY? 1)
MWCaVWCel
CALL FILLOUT 2
CONTINUE
CONTINUE
1F (IREC-N10G24R)571,600,600
CONTINUE
NPEs0
EUFFER IN(LUN,1)CIDATA(L 1), 1IDATA(NS,1))
1F (NPE.EOQ,N)58D,585
IFLIFLAG(JJUS).EG. 1) 581,585
K 2 MMMe2
CALL CHECKPAR(X,1,J4JS)
IFLAG(JJS 30
75

AND RETURN TO BEGINNING OF
CYCLE TO HUFFER IN NEXT RECORD T0 IDATA(2) WHILSY PROCESSING THE
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LT

SE5 €O TC(585,560,609,587),UNITSTF{LUN)
S€7 CALL ERRECOVI(07,1 UN,NPE,J)
GO TC (588,575),.
5r CALL PPE( 1ACT)
GO TL (589,590),1a.7
569 MWCs0
IFLAG(1)=1FLAG(2)=0
«S31
IREC=0
GO TC 5590
560 APE=0
EUFFER IN(LUN,1)CID TA(1,1),1DATA(NG,1))
GO TC ©85

600 Ir(M*M,EQ,1)601.A08
601 LUN = EQR(LUN,3)
CALL CHECKPAR(3,1,J4S)
IFLAG(1) = [FLAG(2) = 0
VS;].
MMMz2
1PeC=0
I1DNONE=O
*wCs=0
t0 TC 550.
609 CO0 TC (601.,608), MMM

THE CEMULTIPLEXING 1S COMPLETE, WITH CHANNFL 1 SYORED ON LUN 3
(QUTFUT TAPE) aND CHANNEL 2 (IF USFD) ON LUN 4
(SCRAYCH TAPE), ALL IN 1024-#5RD RECORDS

aoaaoOooaa

608 CALL CRECKPAR(4,1,4JS)
610 A12 3 1024«[REC
ENDFILE 3
ENDFIE 4
KEWIND 3
FEWIAND 4

STATISYICS OPTION, CALLED IF REQUIRED FROM QPTION PARAMETER

JSTAY = 0, STAT[ST.CS NOT REQUIRED
ISTAT = 1, FOUR STATISTICAL MOMENTS (BOTH CHANNELS) ONLY
1STAY = 2, DITTO. PLUS AMPLITUDE DISTRIBUTION PLOTS

INCRST (S PARAMETER CONTROLLING THE SIGNAL INCREMENTS FOR THE
AMPLITUDE(AND CRNSS AMPLITUDE)IWRISTOGRAMS. [T IS EXPRESSED DIRECTLY
IN MILLIVOLTS:, AND SHOULD BE NOT LESS THAN 80 MV NOR GREATER THWAN
4095 MV

sNeRoNsNsReNeNoNeRs No Rl

IFCISTAT . GE.1)651,015
650 CALL STATISTC(ISTAT,INCRST)
15 FRETURN

c
C FORMAT STATEMENTS
c

*ISHRECORDS), EXCFEDS NUMBER AVAILABLE -,710)

FORMAT(///,30X,20HWORDS/ INPUT RECORD =,15,3X,14H- EXCEEDS 2000)

24 FOQRMAT (/// 10X 45HEND OF FILE DFTECTED WHWILST READING DATA TAPE)

222 FORMAT(///,10X,15HDATA ENDS AFTER,15,3Xs BHRECORDS . 15, 3%,
118HRECORDS CALLED FOR,//)

1310 FORMAT(/,18,2X:27HRECORDS WILL BF OUTPUT)

131 FORMAT(//,36H NUMBER OF OUTPUY SAMPLES CALLED FOR,110,5X.4M(,13,2X
4
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OO OO0O00000n

S0
100
110

1290

10
2¢0
2€1

oooonoaanaa

2¢2

270
2890
250
300

305
310

aaa

3200 FOQORTRAN (2.2) / 7/
SURRCUTINE FILLOUT

CUBRCUTINE SELECTS THE REQUIRED SAMPLES FROM THE BUFFER (USING
SURR, GAUL2 TO UNPACK THE 24-BIT wWORNS), HANDLING ONF SAMPLE

FER CALL. SAMPLES ARE MULTIPLIED BY TWO TO CCNVERT T0 MILLIVOLTS
AND ARE STOKED ]M ARRAY TSAVE,

WHEN A 1024-WORD SECTOR OF ISAVE IS FULL. IT IS RUFFERFD 0OUT TO TkE
CEQUIRED TA4PE UN'T

CUTPLT LOGICAL UNIT NUMBERS
LL 3 - NUTPUT TAPE ALWAYS FOR CHANNEL 1
LL 4 - SCRATCH TAPE ALWAYS FOR CHANNEL 2

COMMCN [DuyvuMY (28)

COMMCN [DATA(200Nn,2), INDR, IRFC,N1,N2,N3,N4,NS5,N6,N7,N8,N9,N10,N11
COMMCN N12,N13,N14,N15,N16,N17,N18, MMM, ]G, JG,XG,MCNAN2
COMMCN ‘.ISAVE(an‘,?Dz)OJSOJJSDKSO"HCIIFL‘G‘Z’I!DONF
1G=ICATAINL17,INDD)

CALL GAuyL?2

1F(N10} 90,50,90

ISAVE(MWC,1,J8)32+4G

G0 YC 100

ISAVE (MWC,1,JS)132+KG

IF(MCHAN2 ,EQ. 41000 )} 260,110

1G=ICAYA(NiG, INDP)

CALL GAULZ

1FINT11) 150,120,150

ISAVE (MWC,2,J8)=7¢ G

Co TC 260

ISAVE(MWC,2,JS)=2+KG

IF(MWC.EQ,1024)242,261

RETURN

TWO 1024-WORD SECTORS OF ISAVE ARE FULL+ ONE FOR EACH CHANNEL.
THESE WILL BE BUFFERFD OQUT WHILST THE OTHER TWO 1024-WORD SECTORS
ARE EEING FILLED (DOUBLE-DOURLE RUFFFRING), PROVIDED VYHE LASY
GUFFERING OUT OPFRAT]ON FROM THESE LATTER TwWn SECTNRS HAS BEEN
FARITY-CHECKED, 'F THIS HAS NQOT REEN DONt,s, CWECK PARITY AT THIS
STAGE,

.S2ECR(JS,I)

MWC20

IFCIFLAG(JS).EQ,n)270,300

EUFFER OUT(3s1)(1SAVE(1+12JJS) s ISAVE(1024,10JJS))
1F ({MCHANZ ,EQ,4H0N0 )290,280

EUFFER OUT(4,1)(TSAVE(1:2,J4S), ISAVE(1024,2,4JS))
IFLAG(JJS) =1

IRECEIREC1

RETURN

CALL CHECKPAR(3,1.,JS)

IF¢MCHAN2 ,EQ,4H0N0 )310,305

CALL CHECKPAR(4,2,J48S)

IFLAG(JS)s0

Go TC 270

FNTRY FILLOUT?

EMTRY FILLOUT2 FNR THE CASE OF TwO CHANNELS ON SFPARATE MUX TAPES

1G=(CATAINLI7,1)
77
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540

NO ERRORS

CaLL GauL?2

1F(N10) 516G,500,510
ISAVE(MWZ,1,48)=2+G
Co TC %20
ISAVF(MWAC,1,JS)=29KG
IF{(MRC.EN,1024)521,261
«JSz.S

LS=ELR(JS,I)

yul=0
IFCIFLAG(US) eV, 1)530,540
LLUNI=MMMe?

FUFFER OUT(L.UNL1.1)C(ISAVE(L,1,JJS) ISAVECLNZ24,1,JU8))

IFLACG(JJUS) =L
IRECZIRECe1

RETURN

LLUNI ZMMMe?

CALL CHECKPAR(LLUN1,1,US)
IFLAG(JUS) =0

€0 1C 535

END

3200 FORTRAN DTAGNOSTIC RESULTS
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1c
3¢

31

4c
41
42
42
44

4¢
47

48
50

Jenpg FORKT- AW (2.2) C1/31/74h9

SURRCYTINE STATISTUIST,INC)
STATISTICS CPTlun, CALLED IF REQUIREY FROM 02TION rARD

1STAT=z0, STAT[STICS NOT REQUIRFD
ISTAT = 1, FAauR STATISTICAL MOMENTS (u0OTH CHANNELS) ONLY
1STAl = 2, DITTG, PLUS AMPLITUNE DISTRIBUTION PLNTS

INCRST [S 2aRAMETER CONTROLLING THE 3]GNAL I VCREMENTS FOF THE
AMPLITUUF (avll CrNSS AMPLITUDF)IHISTOG%aMS, IT 1S EXPRESSFD DIRCCTLY
IN MILLIVDLTS, arp SHOULD Rg NAT LFSS THAN 87 MV NNR GREATER TJaAN
4395 MV

STATISTICAL CUMPUTATIONS ARE CARRIED QUT N 48«BIT FLOATING=POINT

COMMCN TTEST,ICHANL, ICHANZ, THALF , JDUMMY (24)
COMMCN JHUF(1824.,2),KDUMMY{1653), JRECINLoND, "3, Na, NI, NE, N7 NAR, V9
COMMEN N1OD‘\110N‘253\131N141N15.N160N170N180 LNUMMY(4)
CuU“MLCN P‘.CHL’H\?;I"A‘Z,an)
COMMEN /BATAZ 1aT{6),MyNOCT,NRFC,55(7)
WRITF (€1,4)
EORMAT (/7% ARQ(1lre))
TG 5 K=1,178
ro 5 Kx=1,?
TA(KK,K) = ¢
IFCINC Nk ,2)9,30
THALF=4095/]NC+1
TFCINC,LT,A0,0R,INC,GT,4095)10,30
kRITF(61,11)1INC
INC=C
Luns?
1Chsad
Stisxz SuMxZs SuMx3s SuUMX4=0,0
EUFFFR IN(LUN, 1) (IBUIFCL),IBUF(2))
NSAMF=N1?
MNPF130
FUFFER TA(LUNGINCIRLF(L121),IRBUF(1024,1))
co 1€ (4?;4604504" “NITSTF(LUN)
cTnR
CALL ERRECNV(09,1 UNNPEL14J)
GO TC (45,41),.)
NSAMF2NSAMP=1(24
o TC 40

CONSIDFR DATA NwF ChRANNEL AT A TIME

FIRST PASS = COMPUTE MEAN My SIGMAL AND, IF aMPLITUUF DISTRIRUTION
1S REQUIREN, LOADN ARRAY 1A WITH THF STATVISTICAL FREQUENCIES OF THE
MILLIVOLT INCRFMENTS INC, FOR CHANNEL §

NPE2=0
FUFFER IN(LUN;1)CIRULF(1,2)2IRUF(10724,2))
INDBLF =1
o 70 1=1,1074
XEFLCATCIBUF (L, INDRUF))
x2zXeX
x3JzxiwX
X4sxXIuX
Syt ArGUMX « X
SUMXZeSUMX2 + X2
79
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59

100

161

162

170

175
177

SuMXI=sSuMXS + XS

CuyMxqsSubxae + X4

IFCIST.RF,?,AND, INC,NE,U)51,70
IF(X,67,0,7) 92,53

INDAz ] ALF+(IBUF (!, INDBUF)/INCe+1)

CO TC 5%

INNAZTHALF  =(JARSCIRUF (I, INDBUF)YZINC)
TACICH, INDA)=]A(ICH, INDA)+1

CONTINUE

IF(INDRUF FL,1)80N0,86

£0 TC (80,28,99,R81),UNITSTF(LUN)

CALL ERRFCNV(10,1 UN,NPE2,J)

€0 TC (82,47),J

ASAMF=ASAMP=1(24

ANPF2:20

FUFFER [IN(LUN,1)C]BLF(122),1RUF(1024,2))
GO TC &g

ANPEL=D

FUFFER JNM(LUN,1)(CIRUF(1,1),IRBUF(1024,1))
TF(NFEY ,FQ,0)85,P6

INNBLF=2

€0 TC S0

CO TC (B&,46,99,R2),UNITSTF(LUN)

CALL ERRFECOV(10.1 UN,NPEL1.,J)

CO TC (E8R,%4),J

ANSAMF=NSAMPe1(24

ANPEL120

FUFFFR INCLUNIL)CUIRLF(1,1),]RUF(1024,1))
CO TC 8¢

FIRST PASS COMPLFTE, CUMPUTE STATISTJCAL MOMENTS, AND RETURN FQR
SECOUND PASS FOR CHANNEL 2 IF REQUIRED,

FIRST STATISTICAI MUMENT (SM1) = MEAN

SECOND STATISTICAL MOMENT (SM2) © SAMPLF VARIANCE
THIRE STATISYICAI MQOMENT (SM3) = SAMPLF SKFWNESS
FOURTH STATISTICAL MOMENT (SM4) = SAMPLF rUPTOSIS
STANTARD DRVIATION (SDEV) = SORT(VARIANCE)

ENN 8 FLOAT(NSAMP)

SM1 B SUMX 7/ ENNn

SM?2 3 SyUMXe/ENN « (SUMX/ZENN)®a?

1F(SM2,.,LF,0,001) 100,101

SDFv=0,0

EmM3=0,0

€M4:z0,0

tg 7C 102

SDFV=SNRT(SM2)

SMIZ{GUMY 3-8, 0*SUMX2*#SUMX/F Ne3, 00SUMX*SUMXASUMX/(FANN*ENN)=SUMY @
#SUMX*SUMX/ (ENNWENN) )/ (SDEVESMR#ENN)

EMAZ (SUMX4=6,0*SUMXI*SUMX/ENNGA 0« SUMX24SUMX*SUMY/ (ENNCENN) e d, Nw
PSUMX*SUMX # SUMX*SUMX/ {ENN*ENNSENN) ¢ SUMX#SUMY®SUMX»SUMY/ (ENNYENNSENN
$))/(SMPaSM2*ENN)

CONTINUE

APF1 = LUN=E

SM?2 = SDEV/SS(NPF)

1$F (LLN,EG,3)170,175 terthpen

K = [CHANY

€0 TC 177

X = JCHANZ

WRITE (6£1,171) ITEST.K

TO 280 K=1,d

80
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171
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2¢€1
é7e

178
172

aoan

176
200

201
20z
203
11

NO ERRORS

READ (602260} ( HUF{T),]
WRITF (61,261) (1BUF(]),
CUNTINUE
WRITE (61,270) SM1,SDEV,SM3,SM4,SM2,SSINPETY)

FORMAT (1H0, 16X 11MTEST NUMRER, X A4, 10X 14HCHANNGL NUMBER,X,4/)
FORMAT (2044)

FORMAT (2x 2044)

FORMAT (1HO, 2X 7HME:AN = , F7,4, 3X $1KSTD, DEV & ; ¥é6,1,» 3X

L11HSKEWNESS = ,» Fb,2, 3X 1IHKURTOSIS = , FB.2, /

210X 16HSIGNAL R,M,S, = , F8,3, 15X 14HSENSITIVITY & , F7,1)

IF (LUNe8)178,176,178

IF(MCHANZ2 ,FG,4H000 )176,172

LUNs34 (X2 X222}
ICHs2

¢o TC 31

1,20)
21,20)

L 1]

STATISTICAL MUMENTS MAVE BFEN COMPUTED AND QUTPUT FUR RQTH CHAMNELS
NOW FREPARF AND OUTPUT HISTOGRAMS OF AMPLITUNE DISTRIBUTION

GO TC (200,201),1S7T

FEWIAD &

FEWIND 4

FETURN

IFCINCEQ,0)200,202

CALL HISTOGRM(1,INC)

IF(MCRAN2 ,EQ,4H0N0 )20N,203

CALL HISTOGRM(2,1INC)

FETURN

FORMAY(//,10X, 24HINCREMENT INVALID, INC 2,15,5X,13KNO H]STOGRANS)
END

3200 FORTRAN UIAGNOSTIC RESULTS = FOR STATIST

81
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3200 FORTRAN (2,2) 01/27/69
SURBRCUYINE SCANTAPE(ICHAN1,ICHAN2,M)

SUBRCUTINE SCANTAPE SEARCHES REQUIRED MILTIPLEXER TAPE FOR THE
EESIANING COF THE SUBMUX GROUP FOR THAT TEST AND CHANNEL PAIR,
ENTRY SEARCH 1S USED FQR ALL SEARCHES OTHKER THAN YHE FIRSY ON

Fned N R R SEE sewuws mew

s NeoleNe RN

40

aQaaon oo

THAT MULTIPLEXER

COMMCN [ TEST,1DUM(3),MD(2)

COMMEN IDC(13)Y,INF(?),1STACK,1FILE

COMMEN JDuMMY (8131}

CIMENSION IFILKP(2) 2+ JDUM(2)
CALIl. CONVERT(]JCHANY,JCHANY)
CALL CONVERT(ICHAN2, JCHAN2)
1F(MC(M)Y) 69,5,69

¥D(M)st

IFILKP(M)=IFILE

ANPE=D

EUFFER IN(M,0)¢N(1},1ID(11))
GO TC (11,14,12,13),UNITSTF (M)
WRITE(61,112)M

<TOoP

CALL ERRECOV(1,M.NPE,J)

GO TC (14,10),J

NPE=2(

EUFFER IN(M,L){INF(1),INF(5))
GO TC (17,19,12,48)Y,UM.1STF (M)
CALL ERRECOV(2,M.NPE,J)

GO TC (19,16),J

APE=D

EUFFER IN(M,0)CIN(12),!1D(13)}
60 TC €21,23,12,22),UNITSTF(M)
CALL ERRECOV(3,M.NPE,J)

GO TC (23,20),J

60 TC (24,26),M

1F(IC(12) ,EQ,4HMUXA)27,25
hRITE(61,125)]ID(12)

sT0P

1FCIC(12) ,EQ,4HMIXB) 27,25
NPE=D

EUFFER IN(M, 1) CINF(SYLINF(7))
GO0 TC (28,12:29,12),UNITSTF (M)
BUFFER INCMIL)UINF(6),INFL7))
CC TC (30,32,12,3L),UN]ITSTF (M)
CALL ERRECOV(4,M.NPE,J)

€0 YC (32,29),J
IF(ITEST,EQ,1D(14))40,33
WRITE(61.1331D(11)

sTOP

CHECK WHETHER TESRTS ARE STACKEDR OR NONeSTACKED ON TaPE

I1SYACK » 3§, NONeSTACKED
ISTACK » 2, STACKERD

GO TC (41,60),1S%aCk
CASE OF MNONeSTACKED JORE

15 (CJCHANS , BE  INF £8) , AND, JCHAN ,LE, INF(7) 042,44
IF(JCHANZ ,GE, INF () AND, JCHANZ,LE, INF(7))49,43

IFLJICHANZ EU,0140,44
2



44

45
4¢
47

4E

oo

49

aan

60
61

62
64
b4
6%
6¢

né

anana

€9

aaaoano

‘200
-204
202
203
204
a05
206

a06¢e
a06z2

a07

r{ 1]
209
210

CALL SKIPEOF (M)
APEsD

FUFFER IN(M,1)CINFE6), INF(T7))
GO TC (46,41,47,48),UNITSTF(M)
WRITF(61,147)

cTnp

CALL ERRECOV(4,M:NPE,J)

€O TC t41,45),J

RETURN WHEN TAPE S RUN ON TO THF REGINMING OF THE REQUIRED TROUP
FETUSRN
CASE OF STACKED .0BS

IFC]FILEEN,1)66,64

IFILF1=slFILE

o 62 1s1,I1FILEL

EUFFER IN(M,1) ('NF(&),INF(7))

CALL SKIPENF (M)

CONTINUE

APF=0

FUFFER IN(M,1)CINFCO) L INF(T))

O TC (64,66,12,65),UNITSTF (M)

CALL ERREC)V(Q,M.NPE,J)

CO TC (6hH,t8)2J

IF(JCHANA ,GE, INF (6) (AND,JCHANL ,LE,INF(7))67.47
1F (JCHAN2, Gk, INF (6) ,AND, JCHAN2 LE,INF(7))49,68
1F(JCHAN2 ,FU,0)49,47

ENTRY SEARCH
ENYRY SEARCH <« FNOR SEARCHES OTWER THAN THE FIRST QNE ON THAT MUX TAPE
€O TC (200,250),1STACK

CASE OF NON~STACKED JOBS
FIRSY CKFCK IF TWE REQUIRED CHANNELS ARE IN THF SAME SUBMUX GROUP AS
THAT LAST PROCESSED

1F CJCHANY,GE, INF(6) ,AND, JCHANSE ,LE, INF(7))201,203
1F (JCHAN2,GE, INF(6) ,AND, JCKAN2,LE, INF(7))2060,202
1F(JCHAN2,EQ,0)2060,203

1F (JCHANT LT, INF{6),AND,JCHAN2,LT,INF(3))212,204
1F CJCHANL,GT , INFC7) ,AND,JCHAN2,GT, INF(7))207,205
IFCJCHANL ,GT, INF €79 ,AND,JCHAN2,E0Q,0)207,206
WRITE(61,1208)

STOP

CALL BACKSKIP(M)

EUFFER IN(M,1)(JDUM(1),JDUM(2))

G0 TC (2062,49,12,49),UNITSTF (M)

REQUIRED GROUP IS FURTHER ALONG THE TA®E

CALL SKIPEOF(M)

APE=D

EUFFER IN(ML)CUINF(6), INF(7))

€O TC (209,41,47,210),UNITSTF (M)
CALL ERRECOV(4,MsNPE,J)

€O TC (41,208),J
83
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IV

212
212¢

213
214
215

216
217

218

aaOon

oOc

2%6

FEGUIRED GROUP |S HACK ALOMNG THE TAPE

CALL BACKSK]PM)

CalL 8ACKSKIP(M)

APEsC

FUFFER IN(M,L)UINFL6)INF(T7))

GO TC (214,216,17,215),UNITSTF (M)

CALL ERRECOV(4,M,NPL,J)}

€O T. (216,233),J
IF(JCHANI.GE.lNFlb).AND.JCHANl.LE.1NF(7))217.212U
IF(JCHAN2 ,GE, INF{6) ,AND, JCHANZ LE,INF(?))49,218
IF(JCHANZ ,EU,0)49,206

fASE OF SYACKED .JOBS
IF(IFILE s IFILKP(M)) 251,2500,255
REOUIRED FILE IS THE ONE PROCESSED LASY TIME

CALL BACKSKIP(M)
EUFFER IN (M,1)(0DUM1),JDUM(2))
CQ TC (2501+66,12,66),UNITSTF (M)

REQUIRED FILE IS BACK ALUNG THE TAPE

IFILEY®IFILKP(M)e[FjLE*1
[p. 252 1=1,IFILEY

CALL BACKSK[P(M)
CONTINUE

APE=0

IFILKP(M)SIFILE

30 TC 63

REQUIRED FILE IS F JRTHER ALONG THE TaAPE

IFILESsIFILE«IFILKP (M)

L0 256 | = 1,IFIIEL

SUFFER IN(My1) (INF(6),INF(7))
CALL SKIFEOF (M)

CONTINUE

IFILKP(M)EIFILE

APE=0

¢2 TC 63

“*2 FORMAT(///,10X,39HMISPLACED EOF ON INPUT TAPE LUN,15)

. FORMAT{(///7,10X,24HWRONG TAPE, 1D(12) READ AS,4X,A4)

433 FORM2T(///,10X,26HWRONG TAPE, 1D(14) READ AS,4X,A4)

147 FORMAT(///,10X,45HCHANNELS NOY PRESENT OR INCORRECTLY SPECIFIED)

120¢ FORMAT(///,10X,43HSOMETHING WRONG WITH CHANNEL SPECIFICATIONS)
END

'$200 FORTRAN DTAGNOSTIC RESULTS = FOR  SCANTAPE

NO ERRQRS

4

ong SN JED SE EAE SEE EER  samd  ceew sl e [we——
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3¢
3e
40
42
44
4¢
48
21

31
32

3
29

41
43

45
47

49

NO ERRORS

3200 FORTRAN (2,2)

SUBRCUTINE ERRECNV(LABEL,LUN,NPE,J)

COMMCN 1DUMMY(4029), IREC

MPESANPE+]

IF(NFE,LE.5)10,2n

EACKSPACE LUN

w32

RETURN

WRITE(61,21)

60 TC (30,32,34,36,38,40,42,44,45,48), ABE_
WRITE(61,31)LUN

FETURN

WRITE(61,33)LUN

RETURN

WRITE(61,35)LUN

RETURN

WRITE(61,37)LUN

RETURN

RRITE(61,39)LUN

RETURN

RRITE(61.,41)LUN

FETURN

RRITE(61,43)IREC.LUN

RETURN

WRITE(61,45)LUN

RETURN

WRITE(61.47)LUN

RETURN

WRITE(61,49)LUN

RETURN

FORMAT(//,10X,32HPERSiSTENT PARITY ERROR LIS
FORMAT(10X,36HBUFFERING=IN 1ST TITLE RECORD ON LUN, IS, 0)
FORMAT(i0X,36HBUFFERING-IN 2ND TITLE RECORD ON LUN,1S,/7)
FORMAT(10Y, S6HBUFFERING=IN 3RD TITLE RECORD ON LUN,[S,//)
FORMAT (310X, 37HBUFFERING=IN CHANNEL ID RECORD ON LUN,15,/77)

FORMAT(10X,38HBUFFERING-IN FIRST DATA RECORD ON LU, 15,3%, 7HRESTARTLABEL
1)

FORMAT(10X,19HBUFFERING-0UT ON LU, 15,5X,14KS' [PS]X CALLED)

FORMAT(10X,38HBUFFERING~IN, MAIN CYCLE, INPUI RECORD, 15,5X,2KLU,
115)

FORMAT(10X» SONBUFFERING=0OUT TITLF 1D ONTO LU,18)

FORMAT(10X,49HBUFFERING=IN 1ST RECORD 1ST PASS STATISTICS ON LU,
115)
FORMAT (10X, 49HBUFFERING-IN MAIN CYCLE 1ST PASS STATISTICS ON Lu,
115)

END
3200 FORTRAN DTAGNOSTIC RESULTS - FOR ERRECOV
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NO ERRORS

3200 FORTRAN
SURRCUTINE CHECKPAR(LUN,1S1,152)

SURRCUYINE CHECKS PARITY OF LAST BUFFER-OUT OPERATION ON LOGICAL

(2.2)

LNIT LUN OF THE ARRAY ISAVE(1-1024,151,[S2)

COMMCN JDUMMY(4054)

COMMCN [SAVE(1024,2,2)

APF=z0

60 7€ (10,17,11,12),UNITSTF(LUN)
STOP 11

CALL ERRECOV(C6,t UN,NPE, J)

€0 T (14,18),J

EUFFER OUT(LUN,1)(ISAVE(1,1S1,1S2),1SAVE(1024,151,152))

GO TC 10

CALL SKIPSIXC(LUN)
APE=D

€0 TC 43

RETURN

END

3200 FORTRAN DTAGNOSTYIC RESULTS - FOR

86
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NO ERRORS

3200 FORTRANM (2.2) /7 7/
SUBRCUTINE PPE( [aCT)

THIS SUBROUTINE HANDLES THE CASE OF & PERSISTENT PARI[Y ERROR WHILST
FUFFERING [N FROM THE MUX TAPE. THE NUMBER OF RECORDS SO FAR PROCESSED
1S IREC, AND [DUNE RECORDS HAVFE PREVIQUSLY BFEN ABANDONNED. N10 IS THE
TOTAL NUMBER OF RECORDS AVAILABLF ON THE INPUT TAPE, AND N14 IS THE
ANUIMBER OF RECORDS WWICH NEED PROCESSING, THE SUBROUTINF RETURNS

1ACT=1 IF THERE IS ENOUGH DATA TO RESTART AND [ACT=2 [f THERE IS NOT.

COMMCN [DuMMY(4029)

COMMCA [REC/NLI,N?,N3,N&4sNS5,N6,N7,NB, N9, N1O,NT1L1,N12,N1I,NI4,N15,NLG
COMMCN N17,N18,N19.N20, JDUMMY (4),MCHAN2

COMMCN KDUMMY (4103

COMMCN IDONE

CIMENSION JDUM(6)

IF((N14~-1DONE~IRFC),GT.N13)20,30

WRITFE(61.21)

REWIND 3

EUFFER IN(3,1) (TDUMMY(2089), IDUMMY(2055))

1F(MCHAN2 ,EQ.4H000 ,0R.MCHANZ2,EQ,1) 23,221

REWIND 4

EUFFER IN(4,1) (TDUMMY({2089), IDUMMY(2095))

1ACTs}

1DONE= I DONE«IREC

IRECsQ

RETURN

WRITE(61,31)

IRECsIREC-1

1ACY32

RETURN

FORMAT(,/,10X,39+PPE CALLED, ENOUGW DATA LEFT T0O RESTART)
FORMAT(//,10X,66HPPE CALLED, INSUFFICIENT DATA TC RESYART, OMIY RE
1CORD AND CONTINUF)

END

3200 FORTRAN DIAGNOSTIC RESULTS = FOR PPE

87
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3200 FORTRAN (2.2) / /
SUBRCUTINE LPFILT(LUN)

‘s
THIS ROUTINE CARRIES QUT LOW paSS DIGITAL FILTERING WITH CUT-0FF FREGUENCY
1/2 THE MAXIMUM FREQUENCY CONTAINED IN THE DATA, INPUT DuTa IS STORED ON
LOGICAL UNIT LUN AND ]S OVERWRITYEN BY THE FILTERED NATA ON EXIT, WKICW IS
CALCLLATED FOR EVERY 2 ITH POINT OF THE INPUT DATA,

OO0

LR A

COMMCN 1DUM(2088),N(6),1DATA(2000,2),N7,NB,N9,N10,NL1,N12,
IN13,N14,NDSHUT7), 1, 1SAVE(1024),T1
COMMEN /DATAZ 1wT1(6)

LR X ]

ENTYRY POINT FOR CALCULATIGN OF FILTER WEIGKTS,

(s Ee R e)

LR 2]
T2 = SORT(6,2831R53)
IWT(6) = JFIX(2,0e%23/72)
ro 10 I1=21,5
Ti=FLOAT(11~-2+])
TL = (1,04C0S(T1#0,314159265))/(T172)
10 IWNT(I)S]IFIX(T1v2.0¢w22)
IWF(2)z=1WT(2)
IWNT(4)=-1KT(4)
RETYURN
G ewe
€ THIS ENTRY POINT CARRIES OQUT TWE FILTERING PROCESS FOR AN EVEN NUMBER 0OF
C RECQRDS OF 1024 24 BIT INTEGERS WELD ON LOGICAL UNIT LUN,
[ ewe
ENTRY CUTOFF
FEWIND 51
FEWIAND LUN
EUFFER IN(LUN,L1)Y(N(1),N(5))
Lo 20 1=1,9
20 1DATA(1,1)=0 .
EUFFSR INCLUN, L} (IDATA{L11,1), IDATA(L1034,1)) i
AN2s
160 EUFFER IN(LUN,1)(IDATA(11,2),IDATA(1034,2))
CALL LOOP(1,507,0n)
L0 30 1s1,10
30 IDATA(],2)s]IDATA(]+1024,1)

A3}
40 GO TC (40,50,60,70)UN]ITSTFILUN)
60 rni2=d

50 Lo 80 181,10
80 IDATA(141034,1)31DATA(1+10,2)
CALL LOOP(508,512,0)
IFI{N12)350,90,350
90 EUFFER IN(LUN,1)CIDATAtLIL,1),1DATA(1034,1))
3%0 CALL LOOP(513,1019,1)
LO 100 11,10
%Do IDATA(],1)3IDATA(]¢10249,2)

Ng=2
120 60 TC (120,130,440,70)UNITSTF(LUN)
140 N12 =

- 3430 [O 110 I=4,10

110 IDATA(141034,2)31DATA(I,1)
CALL LOOP(1020,1024,1)
160 BUSFER QUYT(51,1) (ISAVE(1),1SAVE(1024))
150 GO TC (150,360,360,210)UNITSTF(54)
210 CALL ERROUT(S1,ISAVE(1))
60 TC 190
360 I1F(N121170,160,170

88
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ENDFILE 51
FEwIND 51
REWIAD LUN

FUFFER IN(S1.1)(1DATA(1,1.,]IDATA(CL1024,1))
FUFFER IN(LUN,1(N(1),N5))
FUFFER IN(51,1)(1DATA(1,2),IDATA(CL1N24,2))

EUFFFR OUT(LUN,1)CIDATA(L1,1),INATA(L1024,1))

€0 TC €290,270,230,2R0)UNITSTF(51)

GO TC €270,300,300,290)UN]JTSTF(LUN)

CALL ERROUT(LUN,IDATA(1,1))

FUFFER IN(51,1)(1DATA(1,1),1DATA(1024,1))

CUFFFR QUT(LUN,1) (INATA(1,2),1DaTA(1024,2))

€O TC (310.330,2%0,2R0)UNITSTF(51)
€O TS (330,220,220,340)UNITSTF(LLN)
CAi L ERROUT(LUN,TDATA(L,2))

0 TC 220
FNDFILE LUV
FETURN

LUN = 51
WRITE(61,610)LUN

FORMAT (1H0, 5X 34HPARIITY ERROR ON INPUT LOGICAL UNIT,

1 53HWRITTEN ERROK FRFF
STOP
END

3200 FORTRAN UTAGNOSTIC RESULTS = FOR

15,

CLEAN TAPE HFANS AND RFSTART Jng,)
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C saa
c
C

C ¢se

20

10

3200 FORTRAN (2.2} / /
SURRCUTINE LOOP(1,K,J)

THIS ROUTINE CARRIES OUT SUMMATIONS AND MULTIPLICATIONS FOR EACH FILTERED
FOINT

COMMEN JDUM(20B8):N(6),IDATAC2000,2),N7,NB,NP,N1O0,N11,~12,
IN13,N14,NDSH(7)Y,M, 1SAVE(1024),TY
LG 10 NCT=],K

N7=NCTeNCY=-10624¢.)+10

ANGeJwl

LO 20 KCY=1,5

N10211-2*KCT

Ni1sN7eN1D

N10=2hN7«N10
AN(KCT)I2]DATAINIO.N9;+IDATA(NIL, NO)
N(S)SIDATA(NT,NG)

CALL PRODSUM

ISAVE(NCT)aN7

CONTINUE

RETURN

END

3200 “ORTRAN DYAGNOSTIC RESULTS - FOR LS0P
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NO ERRORS

3200 FORTRAN

SURRCUTINE ERROUT{LUN,10BUF)

CIMENS!ION TORUF(1024)

fo1e 1=1,5

FACKSPACE LUN

FUFFER OQUY(LUN,1)(10RUF(1),10BUF(1024))
GO TC (20,30,30,10)UNITSTF(LUN)
CONTINUE

CALL ERRECOVI6.LUN,K,I)

CALL SKIPSIX(LUN) )

EUFFER QUT(LUN,13(10RBUF(L),108LF(L024))
GO TC (50,30,30,40)UNITSTF(LUN)

RETURN

END

3200 FORTHAN UTAGNOSTIC RESULTS = FOR

21
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APPENDIX C

Listing of Routine FFT42M
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APPENDIX D

Listing of Routines MNPSDAF, PSDCNTLF, PSDFFT,
AKBK, THDOCT, and PLOTPSDF
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3200 FCRTRAN (2,2 /7
FROGRAM MNPSDAF

XX22X3X2X22XX22 PROGRAM No, WCP/68ec20 X R X XX R XXX X2XX2 X222

THIS PROGRAM S THE MAIN CONTROL PROGRAM FOR PROCESSING RANDOM DATA
ACQUIRED ON THE A/D SYSTEM CONNECTED TO THWF €DC 3300 COMPUTER, THE
FOST USUAL PROCESSIAG IS YHE CALCULATION OF POWER SPECTRAL DENSITY
FOR WHICH SEveRAal SETS UF SURROUTINES ARE AVA,LARLE, VARIOUS OTHER
FROCESSING TECHNTQUES ARE POSSIBLE,

COMMNCN ITEST,ICHANL ICHAND, [HALF ,MD{2),ID(43), INF(7),1STACK,IFILE,
INCOUNT ,KOCT,FU, 7L DY, TEMPYL, TENP2, IDATA(1024),JDATACL024),N(8),
2REALT1024),QUAD(¢024),AK 1513),RK(513%,1.K,0L0J

COMMEN /DATA/ INT{8),M;NOCT ,NRFC,S,NFTS)MPTS,MRAR,PSDN(513),
1FRD(513),F1,F2,NDECS,IPRINT,ISCALE

EQUIVALENCE (SRATE,N(4))

CALL LPFILT(NL10Z24R)

¥D(i)asMD{Z)30

REWIND 1

REW]AD 2

READ(AO,900)ITESY,ISTACK,IFILE, ISTAT M ,NRECINCCT,F1,F2,NDECS,
1IPRINY,ITHD

ISTACK s |STACKet

CALL SETUP

1F(Me30)11,11,12

WRITE(61,:13)

FORMAY (iW0, 104 317WM GKEATER YHAN 10)

€TOP

1F(Fl1efF2)14,15,1%

WRITE{81416)F1,F2

FORMAY (1W0, 10X 4HFY s, E15,5, 72X 15HGREAYER THAN F2, E15,5)

cYOP

IF{NCECSs10)17,1A,18

WRITE(61,19)

FORMAY (1WHO0, 10X JISHMORE TWAN 0 PLOT DECADES SPFCIFIED )

SYOP

CALL COSTAHLE(M)

CALL FFY42M(M M, 4 REALCL) ;QUADCLY,.)

1D(11)» ] TEST

1THDs ] THD @

N1024R82* e (NCCTei ) oAREC

N1024SsN1024R

READ(60,930)1CHANL, ICHANZ,S,55, ISCALF

ISCALE 5 ]SCALEe#Y

1FLICHANS ,EQ, 4nEND )120,30

1FCICHANY ,EQ,4KNFNT)$0,40

CALL DEMUX(N1024R,15TAT,0)

Js2ee(41eM)*NREC

IFI(NLIO24ReNL0245)50,40,060

KuNL024R

3!

KskK/2

vBJed

1F(KeNREC)AD,8C,70

hOCTSsy

Ka2ees(15eM) e

wSJod

WRITE(61,9200K,144J

60 TC 90

ARITE (61,9300

CALL PSUCNTLF

110
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120
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%00
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KO ERRORS

SHATFE a 7, 0«SRATF/FLOAT(NPTS)
PRITE (61,950} NOCT,SRsTH
WRITE (61,940)

GO TC (100,110)]YHD

CaLL ONECYC

to YC 20

CaLL THDOCT

(ALL OCTOVS

GO0 TC 20

fTOP

FORMAT (2A4, 2fF3i0,0, 12)

FORMAY (1HD, 310X IS, 47HDEGREES OF FREEDOM [N _OWEP RAND AND iSTOC
1TAVE , 7/ 10X |5, 26WDEGREES NF FREEDOM IN NEXT, 13,

2AD UFPER BAND,)

FORMAY (inW0, 10X I5,X49NNEGREES OF FREFDOM,)

FORMATY (1WO0, B80(tHw))

X ?23KOCTAVES A

FORMAT (11X 27HNUMHER OF FREQUFNCY HANDS ® ,13, 7/ 11X
1 44HANALYSIS BANDWIDYH IN UPPER FRFQUENCY BAND 3 , FS,1, 2X 2HWZ )

END

3270 FORTRAN DYAGNOSTIC RESULTS = FOR

m

MNPSDAF
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32N0 U TRAN (2,2) R2/710/766
Cag-RPYT {hE PSOCNILF

LE X4
Thls &OUTTWE COUTRALS ik CALCULATIUN OF FILTEREN DATA AMD POWER SPECTRaL
TESSTTY, APPRUPATATE UC AV RANGFS a®E STURED T ARRAYS PSD AND FKO,

LR X1

COMMC ) JTEST [ Cme s ICHANZ W [DUMEAH YL NUNUNT ,KNCT,FULFLaNF,TEMPY,
LT P7, TUAT C(Lu248) , JUATACIN24) N(A) b ALCTIU24),NUADILIN24) ,AK(513),
2FK(515).'.\0|:K"£C T
FQTvAaL BNt s (SRATE N (4))
FO Al /DATA/Z TaTid) gMyNOCT MRFC,So P TS, MPTS,MRAR,PSN(KLT),
IFRN(SL)  F 4 F 2 sBECS, IPHINT,ISCALT
ARTSsewM
MPTSINRTSG /21
MHARZRHID/YPTS
KOrTs(
Cali. PSHF}T
FusSkATE/2,10
FrFse .,y
10 TP (FeaF)21,30,80
20 CbzpPF eNif
rg e 1y
dL FuspfF /2,0
ACNUAT=sH1 8
ro 40 [=z1,514
4r FunLlYsD 0
€ 3 4,0eSeS
5 O KDOTskNLTet
TF 8 SRaTE/2, 0eeuyCy
Temerl 2 Sedbef{yal(1024*KKFC)
FE(1)sh, D
e 3 NFe2,"/FLDAT(VWPYS)
I 40 J37,%PTS
AX{ I )BARCL AT LMY
6C Fa(ldsHn(fel)e}p
FLeFi /2,0

L 2 FBTSey

TR (KT NUCT YN0, 20,70
7. ‘L’0.0
#e ro 1ng js2,mPrS

o« ¥ Lol

1F (a4 (et J130,90,%N
9¢ 1FINCODITe513)12%,140,120
16 TECe~(JIeFRQINCU'NTOL )L 80,100,100
130 FSOHACH AY)ISANE )
FRARIATSNUMTYISAR( Y)Y
ACNHUNTENCNINT Y
100 CunTInue
110 FuskL
1F(aCGinTI160,167,15N
1%0  YFIKCCToNOCTILIdu 100,140
170 CALi CUTNFF(Y)
CALL PSLFFT
tu TC %50
160 LBRITE(MAY,900
0CO FuRMAT 11x ,1uY  29nTQ0 MaNY PAINTS 1IN PSY RaNfg,)
160 KReTuky '
FNH

1200 FORTwWAN LlannBYY|C RESULYS o FuR  BENCNTLS
112



C 2we
c
C
c

C wee

10
a0
30
60
260
900

40
80

110
100
14
14
270
10

a0

150

3200 FOQORTRAN (2,2) 12/23/68
SURRCUTINE PSUFFT

THIS SUBROUTINE CALCULATES POWER SPECTRAL DNENSITY FOR & GIVEN SET OF DaTA
EY FCYRJER ANALYSIS, THE DATA 1S ON LOGICAL UNIT 3 AND THE SUMS OF
SQUARED AND HANNFD FOURIER COEFFICIENTS ARE RETURNED |N COMMON ARRAY AK,

COMMCN [YESTJICHANL, ICHANZ, JDUM(25) ) NCOUNT KOCTFU,F| 4DF,TEMPY,
LTEMP2,IDATA(L1024), JDATA(L1024) ,N{6) REAL(L024),0UADL3024),AK(513),
2EK(513),] Kol s KRFC,KBAR: J

COMMEN /DATA/ IWY(6),M,NOCT,NREC,;S)NPTS,MPTS,MBAR,PSD(513),
1FRO(S13)(F1.FQyNDECS, IPRINT,ISCALE

REWIAD 3

BUFFER IN(3:1)(NE1YN(6))

IF (KOCTeNOCT¢1)5,15,15

EBUFSER IN(3,1)CINATACL),IDATA{L0))

KRECzK3L*(

Lo 1D'tl1,wPYS

AKC])sBK()) 20,0

BUFFFER INUS,1ICINATA(L)»IDATA(1024))

GO TC (30,40,50,60)UNITSTF(3)

CALL ERRECOVIT7,d.K,])

1F(1w1)20,760,20

WRITE(59,904)

FORMAY (5X SOMPAR]TY ERROR READING LOGICAL UNIY 3 ,/ &X
195BHAF TER ERRIOR FRET WRITE, CLEAN TAPE WEAD AND REPEAY JuB, //)

cTOP

IF(NPTS21024)80,90,90

KREC3KRECe]

BUFFER IN(Ja1)(UDATA{L)2JDATA(L1024))

Lo 100 Jy=31,MBAR

KBAR=2%(Jwl)

F0 135 J=1,NPTS
KSKBAReNPYSe]

LeKeAPTS
REAL(]YSFLOAT(IDATA(K))

CYUADL 1) aFLOAT(IDATALL))

CALL FFY
CALL AKEK
CONTINUE
ksl

1¥ (MKRECeNREC)120,%0,50
GO YC (120,130,%0,840)UNITSTF(3)

CALL ERRECUV(?,8.K,1)

IFC]e1)270:2600270
BUFFER IN(J)3)(JNATALL) JDATA (1024}

60 ¢ 120
BUFFER IN(I L) (IDATACL) IDAYA(9024))
AAFCeKRECe.

EO 160 Jsi,MBAR
KOAR®2e(Jel)

LO 200 '1sg,NPTS
KEKOARONPYS]

LEKeNPYS
REALC]IWFLOAY(JDAYA(K))
CUADCLI)aFLOAT(JDATA(L))

CALL FFY
CALL AKBK
CONYINUE
ke

IFLARECNREC)ID,20,50

13
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90 EUFFER IN(J3,1)UJDATA(L))JDATA(1024))
KREC#“RECe2

LO 230 Ju1,1024
210 REAL(I)SFLOAT(IDATA(]))
Ka(
260 GO TC (220,230+,2350+240)UNITSTF(I)
240 CALL ERRECOV(7,9.K,])
IF {1+1)280,260,260
280 FUFFER IN(3,1)(JDATA(L),JDATA(1024))
€O TC 220
230 EBUFFER IN(3,1)CINDATACL)IDATAC(Y 24))
' L0 250 1313024
230 CUAD(])sFLOAT(JDATA(]))
CALL FFY
CALL AKBK
L I}
IF(KREC«NRE(C)30,50,50
1} RETURN
END

3200 FORTRAN UIAGNQOSYIC RESULTS = FOR PEDFFT

NO ERRQRS
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LR XY

LR X

10

NO ERRQRS

3¢y FORTRAN

SHRRCUT M- AXKHK

THIS ROUT [y FNRMS THE SUMS OF SOQUAKKD AND HANNED FOURTER COFFFICIENTS

TN SOMMNON ARRAY AR

FOMMEG ITESTLICRANT, 1CHANZ,, IDUMI37)  1DATALL024), JDATA(1024),N(6),
1ERAL(1024),WUAN(1024) ,AK(H13),RK (5181, 1 sK,LsKREC,KRAR, J,CK(513),

2["((913):“""'(:'0

COMIICYH /DATAZ IwTt6),My0CT,NRECS,NPTS, MPTS, MRAR,RPSN(813),

1FRO(S1L3):F1,FRavNECYS, IPRINT,ISCALE
KEMPTS+1PTS

rg 1n 1=2,m4pP7TS

'=K-l

CXLI)2REALCI)SREALLY)
FTkCl1)=NUaC)Y=NuaD(y)
REALII)=RREAL(J)Y=REALCLD)

CUADC Y =NUALLLYSNALC )Y
Cn(1dsNK(1)sREALIL)=AUADL)=N, N
KzMPTSe)

A2N,8 ¢ (CK(MPTS)eCK(K))

Fsl,% «(NK(MPTS)=DK(K))

C=20,% *(REAL{MPTS)eKkFAL(K))
FTzn,% »(NUAD(MPTS)eUADLK))
AK(MFTSR)SAK(MPTLYeAvA«BeReCr('eDNeD
ro 20 1:2,«

Laled

v3led

ASCK(]) =0 ,Sw{(CK(.))eCK(L )
E2DK([) =0, ,b%(DK(0)elK(L))
C2REALL(IYS0,5%(RFAL(J)*RFAL(L))
TAUADCI)z0 5% lQUADCSY«QUADC(L )
AR(]) = AK(])4AwAsReR»CaCeDrD
RETURN

FND

3290 FOKTRAN DYAGANSTIC RESULTS = FQR
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3200 FORTRAN (2,71 /7 7
SURRCUTINE THDOCT

C
c THIS ROUTINE CONVERTS § CYCLE RAND PSD ANALYSIS T0 ONE=THIRD DCTAVE RAND

o) ANALYSIS STARTING AT A SPECIFIFD CENTER FREQUENLY, RFSULYS ARE RETURNED 'N
C COMMCN ARRAYS PSP AND FRO,

c

COMMCN JTEST, JUHANL, ICHAN2, IDUM(25) s NCOUNT,KOCT,FU,FL.DF,TEMPY,
1TEMPZ,IDATA(1024),JDATA(L1024),N(6),REALC1I24),0UAD(1024),AK(513),
2BK(513),1,K,LsJaNN

COMMCN /DATAZ 1WT(8),M,NOCT,NREC,SsNPTS,MPTS,MBAR,PSD(513),
1FRO(513),F1,F2,NNECS, IPRINT, ISCALE

MUP 3 513

ro 10 1=1,MUP

1F(FRQ(1))20,10,70

10 CONT INUE
REYURN
20 CFsFRQUI*1)sFRO(T)

SRT = SQRY(2,0)

FL = 31,5/SRT

TEMPZ32,0#*(4,i/4,0)

TEMPL=TEMP2*TEMP?

CEL1=2TEMP1=1,¢

CEL23TEMPL¢DELL

EEL3‘2.0'(1.0'1|“/TEHP1)

30 IF(FL*DEL1-DF )40.,7C,70
40 IF(FL*DEL2-DF)50.80,80
50 1F(FL «DEL3I-DF)%60.90,90
60 FLeFL +FL

60 TC 30
70 TLaFL#TEMP2
GO TC 190
80 FL = FLeSRT
€O TC 100

S0 FlL = FL*#32,0%¢(1.0/6,0)

199 ACOUNT=D
val

110 TEL12FL/TEMP2
LEL22FL+TEMP2
L0 120 K2J,MUFR
IF(DELIFRO(K)IL1X0,130,120

120 CONTINUE
REYURN

130 rO 150 JaK.MUP
JIFCDEL2«FRO(J)ILAG,160,150

150 CONTINUE
v 8 MPUP
CEL2=FRI(MUP)

160 CFsFRQIKI=FRQO(K=1)
YEAP4ZPSD(Kn1 ;¢ (NELLeFRA(K=1) )0 (PSD(K)~PSD(Knl})/DF
PELIO(FRO(K)=DSLe )0 (TEMP4+PSD(K))/2,0
TEMPAaPSD(Jeol )+ (NELReFRQA(J~1) 2 (PSD(J)=PSD(Jnd) /7 {FROLU)IFROYeY))
LEL3ISDEL3e(DEL2«FRO(Je1) e TEMF LoPSDY"1)1/2,0
1FtJeK=11180,180.170

170 Leye2
TO 4190 NNakK,!', :

150 PLCEL3 » DELI*(FRQINNeL)=FRQINN))I®(PSDINNCL)+PSDINN) /2,0

180 ACOUNTENCOUNTeY
AKX (NCOUNT) 3 F|
BXK¢(NCOUNT)xCEL3/(CEL2sDELY)

FLaFLeTEMPL

ilé

D
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XD ERRORS

IF(DEL2-FRO{MUP) LY
IF (FRQ(NUP)<AR(NCO
ACOUNY & NCOUNTe:t
RETURN

END

3200 FORTRAN UTAGANOSTIC RESULTS -« FOR

0,20
UNT)

3;200
1210,

220,220
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2700 FQRTIRAN (2:2) 7/ /
SUBRCUTINE PLOTPSDF

THIS ROUTINE PLOTS PSD AGAINST FREQUFNCY ON LOCGARITHM]C AXES, ENTRY
CNECYC FOR PSD PLOT AND ENTRY nCYOV3 FOR §/3 OCTAVE PLNTS, ENTRY SETUP
FOR INITIALIZING THE FREQUENCY SCALE CALCULATION,

COMMUN ITEST, JCHANL, ICHANZ, IDUM(25) ,NCOUNT ,KOCT,FU,FL,DF, TEMPY,
1TEMP2,IDATA(1024), DATA(L1024),N(6),REAL(1024),0UAD(1024),AK(513),
2EK(513)5!:‘0L0J0NN

EQUIVALENCE(ZSTAi E)nEAL{L))

COMMCN /DATA/ INT(6),M,NOLT,NREC,S,NPTS,MPTS,MBAR,PSD(513),
1FRO(513),F1,F2,NNECS, IPRINT, ISCALE

ENTRY SETUP

TEMFP4sALOG10(F1)

TEMPZaAL0G10(F2)

K1sJFIX(TEMP4) e}

LeIFIX(Y wW2)

fi. & FLOATI{K1)aTFHP4

FUSTEMP2eFLOATI(L)

XSCALEZ6,0/(FLOATY(LoK i) *FU+FL)

TEMPASYEMP4eXSCALE

K1sKiel

CEs10,0e#K1

YSCALE®26,0/FLOAT(NDECS)

CALL PLOT(~11,5,0,0,+3)

CALL PLOYH.S»0,0.-J)

RETURN

ENTRY OCTOV3

wE513«NCOUNT

LO 10 I1=1,NCOUNT

Kz Jel

FSD(K)=BK(])

FRQ(k)sAK(])

ACOUNTY=514~-NCOUNTY

G0 TC 20

ENTRY ONECYC

FUlu,g

ACOUAY s NCOUNTet

FO 30 I=NCOUNT,543

IF(PED])aFUII0, 30,40

FUsPSD(])

CCNTINUE

KelFIXCALOGLO0(FU))

IF(FLel,0)50,60,60

ISCALESFLOATI(NDEGS=K)

KsKel

GO TC 70

2SCALESFLOATI(NDECS=Ke})

CALL PLOT(0,0,0,0,3)

Fus1,0

ro 80 =3 ,NDECS

v3IKeADECSe!]

FLEFLOAT(1=1)eYSCALE

CALL SYMBL4(=0,65,FLe0,07,0,14,2H10,0,0,2)

CALL NUMBER(®0,45,FL,0,1,Js0,0,2H13)

GO TC (90,80))SCalLE

CALL PLOT(0,0,FLs3)

L=0

CFel0,0ee(]ey;

Lel

118
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PRV,

FUusFLeDF
FLesYSCALE=2L0GI10(FU}
CALL PLOT(C,0,FL,2?
1F(Le9Y120,110,12¢
110 CALL PLOT(N,25471,2)
CALL PLOT(O0,0,FL,2)
GO TC 8¢
* CALL PLOT(0,0,FL.2)Y
GO TC 100
8( CONTINUE
vIKe?!
CALL SYMBL4(e0,065,5,925,0,14,2W10,4,0,2)
CALL NUMBER(+=0,45,6,0,0,1,J,0,0,2H1Y)
€O TC (140,130)ISCALE
130 CALL PLOT(D,2.5,7,3)
CALL PLOT(0,3,6,0,2)
G0 TC 150
140 CALL PLOT(5,7:6,0,3)
CALL PLOT(6,0,5,7,2
150 €GO TC (3170,160)1SC .
160 CALL PLQYT(6,0,0,3,.
CALL PLUT(6,0,0,0,2)
CALL PLOT(5,7,0,0,2)
CaLL PLOT(0.3,0,0,3)
CALL PLQT(D,0,9,3,2)
GO TC 180
170 CALL NUMBER(~=0,1.,%0,4,0,14,F1.9,0,4KF2,0)
CALL PLOT(G,0,0,0,3)
FL=# 1
LF=DE
LeKl
160 FL=FLeDF
FUSALOGL1O0(FL}
TEMP1sXSCALE*FU~TEMP4
IF{TEMP1+¢6,02200,210,210
200 CALL PLOT{TEMP1,0,0,2)
KelFIX(FU«D,0005)
1F(Ke)230,230,220
280 L3k
CFes10,0ew|
CALL PLOT(TEMPL,0,25,3)
CALL PLOT(TEMP1,0,0,2)
GO TC 190
230 CALL PLOT(TEMP1,0,15,3)
CALL PLOT(TEMP1,0,0,2)
GO TC 190
210 CALL PLOT(6,0,0,0,2)
CALL PLOT(6,0,0,3,2)
CALL NUMBER(%,7,-0,4,0,14,F2,0,0,4KF5,0)
180 CALL SYMBL4(0,0,°0,9,0,14,1TESY,N,0.4)
CALL SYMBL4(1,25.,20,9,0,14,]CHANYL,0,0,4)
PO 240 ]sNCOUNT,513
1F(FRO(])eF1)240.250,250
240 CONTINUE
2%0 TEMP1sXSCALE*ALOGLO0(FRQ(I))eTEMP4
TEMP23YSCALE*(ALNGL0C(PSD(1))eZSCALE)
IF(TEMP2)260,270.270
2¢5  YEMPZs0,0
119
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910
I8

NO CRRQRS

CaLl PLOT(TEMPL,TEMP2,3)

[C ?2F0 J=1.,518

1P (FRO(J)=H2)380,330,280
TEMYPIzXSCALE*ALGRI0{FRO(J)II-TEMPY
TEMPZ2YSCALE*{(ALNGIO(PSD(UY)+2SCALR)
TF(TFMP2)29G,300,300

TEMPZ3(,0

CAILL PLOT(TEMPY,TEMPD,2)

COMTINUE

CaLL PLOT(N,0,10.0,-3)

1# (IFRINTY310,320,310
WRITE(61,900)ITEST, ICHAN]

FORMAYT (1K1, 44X BHTEST NG,, 2X A4, 15X 131HCHKANNEL

1 B8x A(4HFREQ, 6X 6HWP,S,D,, 14aX})
WRITE(61,G10)Y(FRN(T1),PSDCI),I=NCOUNT,513)
FORMAY (2X 4(F10.2,E15,5.5X1})

RETURN
END

3200 FORTRA LUTAGANOST]C RESULTS = FOR

120

PLOTPSDF

NO,,

2X A4

/7



. ol UGN GANE GSME DWN UG  faeq  pas) pukd PEN BN B DUS  eme e

APPENDIX E
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3209 FORTHAN (?2.2) 01/31/69

FROGRAM MNCESDF

crettesarsarters PRUGRAM NO, WCF/68<22 O S Y L L L
THIS PHOGRAM [5 THE ~a] . CONTROL PROGRAM FOR PROCESSING RANDOM DATA
ACAUIRFD O~ THE A/D SYSTEM CONNECTED T0 THE CDC 3300 COMPUTER, THE

MUST USUAL PROCESSING IS THE CTALCULATION OF POWER SPECTRAL DFNS]TY

FUR wMICKH SEVERAI SETS 0OF SUBRAUTINES ARF AVAILARLE, VARIQUS OTHER
FROCFSSING TECHNTQUES ARF PQOSSIBLE,

CUMMON JTEST, ICHANL, ICHANZ IHALF  MDU2), IDC13), INF(T), ISTACK,IFILE,

ARCAUNT ,KOCT,FuLFl oDF,TEMPL1,TFM-2, IDATA(1024),JNATACLN24),N(6),
2REAL(1024),UUAD(1024),AK(513),RK(513),1,K,L0J

COMMCN /ITATAZ 1WT(6),M¢NOCT,NREC,S,5S,NPTS,MPTS,MBAN,PSD(513),

1 PRG(513),050(513),HS0(913),5S5N(513),NDECS,IPRINT,F1,F2,1SCALE

FQUIVALENCF (SRATE,N(4))

CALL LPFILT(N1024R)

FpC1)=vD(2) =D

REWIAND %

FEWIND 2

FEAD(OD,900 ) ITESTHISTACK, [FILF,ISTAT,M,NREC,NOCT,F1,F2,NDECS,

LIPRINT, P TL

ISTACK = JSTACKe

CALL SETUPCICNTL)

ICNTL=ICNTL~

1F(M=10)12,11,12

WRITE(AL,13)

FORMATY (1KHF, 10X 17mM GKEATER THAN 10)
STo0P

1F(F1eF2214,15,15

RRITF(61,16)F1,F?

FORMAT (1MWD, 10X 4HF1 =, E15,5, 2X 15HGREATER Th.N F2, E15,5)
STOP

IF(NLECS=1D)17,1R,16

WRITF (61,19}

FORMAT (1HN, 10X SS5HMORE THAN 10 PLOT DECANES SPECIFIEDN )
STOP

fALL COSTABLE(M)

CALL FFT42M(M,M,4,REAL(1),QUAD(L1),0)
10€(11)=1TEST

ITHD2I THD+1

NL024R=2%« (NOCT»1 ) *NREC

N1024S=N1024R

Nl 8 [TIME(M)
FEAD(606,°10) TCHANL, JCHANZ,5,5S, ISCALF
I1SCALE = JSCALFet

IF(ICHANL ,EQ,4HEND )120,30

TFCICHANTL EQ,4HNFWT ) 10,40

CALL DEMUX(N1024R,ISTAT,0)
122++(11«M)*NRFC
1F(N1024R-N1N245)50,60,60

KaN1024R

v21

KzK/2

v3Je1

1F(K*NREC)BO0,80,70

NOCT2y

Kg2we (§1wM)wK

u.J.j

RRITE(61.920)K,1]2d

GO0 TC 90
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6L pRITE(KL, 9500}
$0 CALL CPSNLTLF
CRATF = 2 JY«SRATE/FLOAT(NPTS)
WRITF (61,790) NNCT,SRATF
WRITE (61,945)
0 YL (100,110,130,140) ICNTL
170 CALL ONESYC(D)
N2 = [TIME(M)eN]
WRITE (61,1000 N2
1LCC FORMAT (1HU, 25X AWTIME =, [10)

G0 TC 20

110 CALL ONECYC(el)
€O TC 100

120 CAlLL 9MECYC( 1)
t0 TC 100

140 CALL ONECYC{e1l)
€0 TC 130

120 STNP

900 FORMAT (A4, 212, 414, 2F10,0, 3]4)

910 FORMAT (244, 2F10,0, 12)

920 FORMAT (1KHD, LOX I5, 47HMDEGREES OF FSEEDOM [N LOLER RAND AND 18T70C
1TAVE , 7 17X |5, 26HDEGREES OF FREFUNM N NEXT, 13, X 23IHOCTAVFS A
2ND UFPER BaaD,)

0 FORMAT (1HD, 13X [5,XL19HDEGREES OF FHREEDOM,)
940 FORMAT (1WN, B80(1me))

0 FORMATY (11X 27WNUMAER OF FREQUFNCY BaNDS =2 ,13, 7 11X
1 G4AHANALYSIS YANDWILTH IN UPPER FREWUENCY RAND 2 , FG,3, 2X 2HHZ )
FND

3239 FNRTHAN DV'AGAOSTIC RESULTS < FOR MNCPSDF

NO FRROKRS

122
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3200 FORTRAN (2,2) /7 /
SURRCUYINE CPSDCTYLF

C ows
c THIS ROUTINE CONYROLS THE CALCULATION OF FILTERED DATA AND CROSS AND
c FTIRECTY PSD FROM PAIRS OF DATA CHMANNELE STORED NN LOGICAL UNITS 3 AND 4,
C RESULYS ARE STORFD (N ARRAYS PSD, 0SD, RSD, AND SSD,
C ¢vo
COMMEN ITEST,ICHANS, ICHAN2: IDUM(25) ;NCOUNT ,KOCY FU,FL,DF,TEMPY,
1TEMP2, IDATA(1924), DATA(L1624),N(6),REALL1524),QUAN(1024),
2AK(513),BK{513) 1 ,K,L,KREC,KBAR,J,CK(513),BK(513)
COMMCN /DATA/ IWT(6)sMaNOCTINREC,S+SSINPTS,MPTSMBAR,PSD(543),
1 FRQ{513),0SD(513),RSD(513),SSD(513),NDECS,IPRINTY,F1,F2,1SCALE
CIMENSION FRE(813)
EQUIVALENCE (SRATE,N(4)),(FRE(1),REAL{Y))
APTS22*¢M .
MPTSENPTS/2e¢1
FBAR21024/NPTS
§1 =z 4,0¢55+¢SS
§S = 4,0vS#SS
€ 8 4,005eS
KOCTsg
CALL CPSDFFT
FUsSRATE/2,0
LFs2,¢0
10 1F {(LFeFUY20,30,30
20 CFsDF «DF
€0 TC 10
30 FUsDF/2,0
ACOUNTY 3 513
LO 40 131,513
40 FRO(])=0,0
%0 KOCTsKOCTel
CF = SRATE/2,0**K0OCY
FRE(1)=0,0
TEMPY = DF«FLOAT(1024¢KREC)
CF s DFe2,0/FLOAT(NPTS)
CO 60 132,MPTS
AKC . )sAK(1)/TEMPY
BEX{13aBK(]1)/TEMPY
CK(1isCK(])/TEMPY
FRE(]) 3 FRE(l=1)eDF
60 CK(1)sDK(])/TEMPY
FLsFL/2,0
L = MPTSe2
{F(KCCTYeNQCT)B0,70,70
70 fFLe0,0
80 LO 400 192,MPTS
J 8 Lel
IF(FRE(J)aFL)110.90,90
90 {F(NCOUNT=513)120,130,120
120 IF(FRE(J)FRO{NCOUNT+1))130,200,100
430 PSD(NCOUNT)ISAK(J)/S
CSD(NCOUNT) = BK{J)/S4
RSD(NCOUNT)SCK(J)/SS
SSD(NCOUNT)SDK(J)/SS
FRO(NCOUNT)SFRE(.)
NCOUNTaNCOUNT»14
100 CONTINUE
110 PusFL
IF(NCOUNT)140,440,4150
130 IFEKCCTeNOCT)170,160,160

: 123
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170

149
900
160

NG ERRQRS

CALL CUTOFF {3)
CALL CUTOFF(4)
CALL CPSDFF T
Go TC S50
WRITE(61,900)

FORMAY (1W0,2 10X 29MTOO0 MANY POINTS IN PSD RANGE,)

REYURN
FNN

3200 FORTHAN DYAGNOSTIC RESULTS = FOR
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N0 ERRORS

3200 FORTRAN
SUBRCUYINE CPSDEFT

THIS ROUTINE CALCULATES POWeR SPFCTRAL

(2.2)

DENSITIES FOR

12/23/68

A PAIR OF CHANNELS

FROM THE!R FOURIFR COEFFICIENTS, CROSS AND AUYD PSDN~-S ARE SUMMED FOR EACH

SUReRECORD ANY WFTURNED IN COMMON AKRRAYS

COMMCN ITEST,1CHANY, [CHANZ, [DUM(25),NCOUNT KOCT,FU,FL,DF, TEMPL,
1TEMPZ,  [0DATA(1024), DATA(1024),N(6),REALLIN24),0UAN(10274),

2AK(513) ,BK{513),1,K,L,KREC,KRAR, J,CK (513

):DK(513)

COMMCN /DATA/ [wT{6),M, NOCI,NREC;SabSpNPTS.HPTS,MBAR P5N(513),’
1 FRO(513),05D(513),KSD(913),5Sn(543),NDECS,IPRINT,F1,FZ,1SCALE

REWIND 3

REWIND 4

BUFFER IN(3,2)(N(1),N(61)

SUFFER IN(4,1) (.JDATA(1),JDATAC1D))
IF (KQCT-NOCTe1)5,15,15

EUFFER JN(Ss1)(IDATACL)  1DATA(10))
FUFFER IN(4,1)CJUNATACLY, JUATA(10))
KREC=20

Lo 10 1=25,MPTS
AKCI)=BK(I)=CR([YSDK(][)=s0,N

EUFFER IN(S,1){INATA(L1),1DATA(1024))
BUFFER IN(4,1)(JDATA(L),JDATA(1024))
Kz =0

60 TC (30,40,50,60)UNITSTF(3)

CALL ERRECOV(?oS-K 1)
1F(l'1)70,80070

WRITE(59,900)

FORMAT (5X 46HPARITY ERRORS ON REAUING LOGICAL UNITS 3 AND 4, /
4 5X S7HAFTER ERROR FREE WRITES, CLEAN TAPE HFADS ANU REPEAY JCB,!

STOP

EUFFER IN(3,1)(IPATA(1),IDATA(1024))
60 TC 30

€O YC (40,99,50,100)UNITSIF(4)
CALL ERRECOV(7:,4.L,1)
1F(]=1)110,80,110

EUFFER IN(4,1)(JNATA(1),JDATA(1024))
GO YC 40

KREC=KREC+1

LO 120 Js=s1,MBAR

KBARz Jwl

LO 140 ]=1.NPTS

KSKHAR*NPTS+!
REALCIYSFLOAT(IDATA(K))
CUADCI)SFLOAT(JDATA(K)}

CALL FFT

CALL HANN

CONTINUE

IF(KRECeNREC)20,50,50

RETURN

END

3200 FORTHAN UTAGNOSTIC RESULTS = FOR
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12en TGRTAN

SUR-CUT [ NE nAnh

TKIS ROUT[~E CALCULATES THE FOUR SFTS GF FNURIER COEFFICIENTS FOR A PAIR
FF RECORDS wH|CH HAVE BEEN SIMULTANEPNUSLY FOURIER ANALYSFD, RESULTS ARF

SUMMFD % anRAYS A<,RX, Cx aND Ik,

02/72h/69

COMMTN !T&ST.!CHAMI.lChANZaISUMi?S)oNCOUkT.KﬂCT.FU.?lon‘.TEMP1,
11EMpP2, TIATACINZ4) , JDATALIN 24, N(6),REAL (1124),500aNn(q074d)Y,

2AK(5;3),3K(5132,1,K,L,KREC,KHAR, J,CK(513),DNK(513)

COMMEN /DATA " InT(6),MyNOCT,\REC,S+SS,NPTS,MPTS, #5AR,PSD(5_3)Y,
1 FRO{S513),7SN{513),KkSD(513),5SN(513),NNDECS,IPRINT,F1,F?,1SCALE

TIMENSION TMP1(5425,TMP2(513)

FOQUIVALENCE (TMPY(1),I0ATAIL)Y ), (TMP2(1),JDATA(1))

K2MPTISAaMOTS

[0 10 1=2,%P7S

.:K.]

L3lel

TMPL{LYSREAL{)eREAL(Y)
TMP2(L)=QUADC I )= QUALC(Y)
REAL(L)ZREALC DI »REAL(])
CUADCLY="UuADC ] )+QUALC(Y)

L 2 FPTSe]

k x MPTSc2

Az , S« (THMPLI(L)-THP1(K))
Ez0,S«(TMP2(L)=THP2(K))

€C = 0,5¢«(REAL(L)*REAL(K))
£=0,8+(QUAD(LY=0LADR( )
AK(MFETS)zAK(MPTS )+ A2 4+ReB
FK(MFTS)=zBK(MPTS)YeCeC+DeD
CKI{MFTS)=CK(MPYS)eAeNeR*C
[K(MFTS)zDK(MFYS)YeReNwaA(

1D 2¢ I=1,K

Lsl+1

wB1e2

ASTMFL(L )0 ,5¢(TMPLI(1)sTMPLI(J))
ESTMP2(L)» 0,5« (TMP2(1)eTMP2(J))
CRREAL(L)S0,S{RFAL(I)OREAL(J))
CaQUAD(LY=0,5«(QUAD(T)*0UAD(J))
AK(L)ISAK(L)+AxA+Re2
EK(L)eBK(L)+CeCeNeD
CK(L)aCK(L)eArDePeC
[K(LI=DK(L)+ReDear(

CONTINUE

RETURN

END

3200 FORTRAN DTAGANOST]C RESULYS = FOR
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3200 FORTRAN (7,22 01/28/69
SUBRCUTINE PLTCPSDF (ICNTL)

THIS ROUTIME PLOUTS PSD AGAINST FREOQUENCY ON LOGARITHMIC AXES, ENTR.
CNFCYC +QR PSD PIOT AND ENTRY OCTOV3 FOR 1/3 OCTAVF PLNTS, #NTRY SEIJP
FOR INITIALIZING THE FREQUENCY SCALE CALCULATINN,

COMMCN ITEST, JCHANI,,ICHANZ, IDUM(25),NCOUNT ,KICT,FU,FL,NF,TEMPL,
1TEMPZ, INATAC1024), UDATA(1024),N(6),REALL 24),QUAN(1024),
2AK(513),BK(D13),1,K_1,Js)NN

COMMCN /DATAZ IWT(6),M,NOCT,NREC,S+SS,NPTS,MPTS,MBAR,PSD(513),
1 FRG(S513),08SND(513),RSD(513),5SN(513),NDECS,IPRINT,FL1,F2,1SCALE

EQUIVALENCE (ZSCALE,RE*L(1))

ENTRY SETUP

TEMPAZALNGT O (F1)

TeMPZ2s2L0G10(F2)

Kis[FIX(TEMF4 )+l

LeIFIX(YEMPZ)

FL =2 FLOAT(K1)sTFMP4

FUsTEMP2-FLOAT(L)

XSCALE=6.0/(FLOAT(L=K1)+FU+FL)

TYEMP4=TEMPAeXSCAI E

KizKlet

CE=10,0e*K1

1SCALE=6,0/FLOATINDECS)

CALL PLOT(~11,5,0,0,-3)

CALL PLOT(2,0,0,0,~3)

RETURN

ENTRY OCTOV3

vws513aNCOUNT

CO 19 1=1,NCOUNT

K2 jeo!

FSD(K)zRK(1)

FRO(K)=aAK(])

NCOUNT=514=-NCOUNT

¢o TC 20

ENTRY CONECYC

FU=0,0

ACOUNT = NCOUNTe9

CALL SYMSL4(0,0,+0,9,0,14,1TEST,Nn,0,4)

IFCICNTL)330,340.350

AN = )JCHAN1

CO 450 I=NCOUNT,513

AK(I) = PSD(I)

GO0 TC 360

AN = ]ICHANZ

CO 460 1=NCOUNT,513

AK(IY = ash(I1)

CALL SYM9L4(10251.0.9'0014!NN.0000‘)

€0 TC 370

CALL SYMBL4(1,25,#0,9,0,14,ICHAN1,0,0,4)

CALL SYMBLA4(2,00.70,9,0,34,ICHAN2,0,0,4)

CO 470 I=NCOUNT,513

AK(]) = SQRT(RSD(i)'RSU(!)‘SSD(l)'SSD(!)’

IF (RSD{1))480,490,500

1F(SSD(1))520,530,540

SeD(1)=el,57079063

GO TC a70

SSN(1)81,5707963

6O YC 470

€SD(t)=0,0
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GO TC 479

TEMPI=C,0

G0 TC 519
TF(SSD(]1)Y)55Nn,56N,560
TEMP1=2+3,1415926535

GO YC 510
TEMP123..415926535
SSD(I)=ATAN(SSD(!)/RSU(I))‘TEHPI
SSD(1:=SSpt11257.29577¢
LO 30 1sNCOUNT,H13
1FCAK (1Y5FU)S0,30,40
Fusak (1,

CONTINUE
KsIFIXtALOGL0(FU))
1F(Fl.e1,0)50,60,60
2SCALE=FLOAT(NDERSeK)
KzKel

¢0 7C 70
ISCALE=FLOAT(NDECS=K=1)
CaLL PLOT(U,0,2;:0,3)
Fu=1,0

F0 80 I=1,NDECS
wSKeADECS+!
FL=FLQAT(]=-1)eYSCALE
CALL SYMBL4(«0,65,FL=0,07,0,14,2K10,0,0,2)
CALL NUMBER(«" ,45,FL,0,1,J,0,0,2K13)
CO YC (90,80)iSCALE
CALL PLOT(0,0,FL,3)

L=20

[F=10,0es(]=1)

Lal+1d

FUckLeDF
FLsYSCALE#ALOG10(FU)
CALL PLOT(0,0,FL.2)
1F(L*9)120,110,320

CALL PLOT(0,25,F1.,2)
CALL PLOT(B,0,FL.2)

€0 TC 80

CALL PLOT(0,15,Ft,2)
CALL PLOT(0,0,FL.2)

GO TC 100

CONTINUE

vEXel

CALL SYMBL4(«0,65,5,925,0,14,2H10,0,0,2)
CALL NUMBER(=0,45,6,0,0,1,J,0,0,2H13)
€O TC (140,130)ISCALE
CALL PLOT(0,0,5,7,3)
CALL PLOT(0,08,6,0n,2)
CALL PLOT(0,3,6,0,2)

¢0 YC 150

CALL PLOT(5,7,6,0,3)
CALL PLOT(6,0,5,7,2)

GO TC ¢170.160)1SCALE
CALL PLOT(6,0,0,3,3)
CALL PLOT(6,0,0,8,2)
CALL PLOT(S5,7,0,0,2)
CALL PLOT(0,3,0,0,3)
CALL PLOT(C,0,0,0,2)

CALL PLOT(0,0,0,3,2)
60 TC 180
12R
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170

230

210

189
240
$0

2€0
270

285

260
300
€0
380
310
900

910
320
440

444

442

CalL NUNBEN(~D
CALL PLOT(D, 0;0 n,3!?
FLsrd

CFsDF

LK1

FlLeFL «DF

FUsALOG1C(FL)
TEMPIzsXSCALE*FU~TEMPY
1F(TEMPL1~6,0)200.210,210
CALL PLOT(TEMP1,0,0,2)
KsIFIX(FU+0.,0005)

1F (K- )230,230,270

L 3K

CFz10,0e%

CALL PLOT(TEeMP1,0,29,3)
CALL PLOT(TEMPL,n,0,2)
Go TC 19¢C

CALL PLOT(TEMP1,0,15,3)
CalLL PLOT(TEMF1,0,0,2)
€0 TC 190

CALL PLOT(6,0,0,0.,2)
CALL PLOT(6,0,0,3,2)

150,4,0,34,F1,0,0,4HF2,0)

CALL NUMBER(5,7,~0,4,0,14,F2,0,0,4%F5,0)

TO 240 I=NCOUNT,513
IF(FRQ(])-F1)240,250,25y
CONTINUE

TEMP1xXSCALE*ALUGLO(FRO(]))~TEMP4
TEMP2aYSCALE*(ALDGLO(AK (]))}+ZSCALE)

IF(TEMP2)260,270.27C
TeMP2a0,0

CALL PLOT(TEMP1,TEMP2,3)
Lo 280 J=1,513

IF (FRQ(J)=~F2)285,285,280

TEMPIaXSCALE*ALOGLO(FRO(J))I=TEMP4
TEMPZ23YSCALE*(ALNGLOCAX (J))*ZSCALE)

I1F(TEMP2)290,300.,300
TEMP220,0

CALL PLOT(TEMP1,TEMP2,2)
CONTINUE

IF (ICNTL)380,440,380
IF(IPRINT)312,320,310
WRITE(61,900) JTEST,NN

FORMAY {1H1, 20X BWTESY NO,, 2X A4, 15X 11HCHANNEL Nn,, 2X A4 , //
1 8X 4 (4HFREQ,

CALL PLOT(0,0,30.0,¢3)
RETURN

CALL PLOT(0,40,6,25,+3)
CALL PLOY(6,0,0,0,2)
CALL PLOT(6,0,0,3,2)
CALL PLOT(0,0,0,0,3)
CALL PLOT(0,0,1,75,2)
CALL PLOT(0,1,4,25,2)
CALL PLOT(0,05,0.625,3)
CALL PLOT(0,0 ,0.625,2)
GO TC (441,442)[SCALE

6X 6HP,S,D¢s

14))i
hR!TE(éianO)(FRO(!)oAK (l)ollNCOUNTa513)
FORMAT (2X 4(F10.2,E15,5,5X))

CALL NUMBER(~0,5%,1,18,0,14,180,0,0,2H13)
CALL NUMBER(+0,55,0,55,0,14, 90,0,0,2H13)

CALL NUMBER('O .550'°|°70
2SCALEs1,25/180,0
TEMPZ222GCALE*ABS(SSD(I))

0,14,

0,0,0,2%13)
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365

350

3¢2

361

364
363

408
410
429
400

420

930

NO ERRORS

TEMP1sXSCALE*ALOGIC(FRO(]))aTEMPS

CALL PLOT (TEMP1,TENP2,S)

TG 360 J=1.514

IF (FRQO(J)-F2)395,395,390

TEMPesZSCALE*ABS(SSD(J))

TEMP1=sXSCALE*ALOGIN(FRA(J))I~TEMPA

CALL PLOT(TEMPL,YEMP?2,2)

CONTINUE

CALL PLCT(0,0,1,5,=3)

CaLL PLOY(C,8,0,4,2)

CO TC (392,893 1SCALE

CALL SYHRL4('C|2500e4t0n2I1""0.0'1)

CALL SYMBL4(=0,25,0,0,0,2,1K+,0,0,1)

YEMP1=20,0

TEMPZs30,4

FL 3 TEMP1

FO(SSD(1))394,38938,3593

fFL s TEMPZ

CALL PLOT(XSCALE*ALCCI0(FRI(IYICTEMP4,FL,3)

CO 400 J=,,513

IF (FRQ(J)-F2)405,405,400

FLIXSCALE*ALDOGIQ(FROCUY)=TEMPY

1F(SSDCJ))410,420,420

CALL PLOT(FL,TEMPZ2,2)

GO TC 400

CALL PLOT(FL,TEMPL,2)

CONTINUE

CALL PLOT{0,0,3,n,=3)

IFCIFRINT)430,320,430

WRITE(614920)TESY, [CHANS, ICHAN?

FORMAT (1K1, 20X BHTEST NO,, 2X A4, 2X O9HCROSS PSD, 2X BHCHANNELS
11 2)( A4, 2X SHAan ?X A4 '] // 8)( 3(4HFREQD 6)( 6HP|S'D109 X
2 SHPFASE, 8X))

WRITE(61,930)(FROCI),AK CI),8SN{1),1=NCOUNT,513)

FORMAT (2x $(F10.2,E15,5,F10,1,3X))

FETURN

FND

3200 FORTRAN DTAGNOSTIC RESULTS = FOR PLTCPSNF
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10

1z
13

11
1%
16
14
18
19

17

20

30
40

50

70

80

40
90

3200 FORTRAN (2.2) / /
FROGRAM MNPSDIAA

(222X 22 R AT X 2] PRUGRAM NO, WCP/68~21 2 2 L SRS E SRR R R R 2
THIS PROGRAM |S THE MAIN CONTROL PRUGRAM FOR PROCESSING RANDOM DATA
ACQUIRED ON THE A/D SYSTEM CONNECTEL TO THF €7 3300 CAMPUTER, THE

MOST USUAL PROCESSING IS THE CALCULATION OF POWER SPEC...AL DFNSITY

FOR WHICH SEVeRA!l SETS OF SUBROUTINES ArE aVA[L&RLE, VARIOUS OTHER
FROCESSING TECHNIGUES ARE PQOSSIBLE.,

COMMCN ITEST, JCHANL, ICHANZ, IHALF,MD(2),ID(13),INF(7),1STACK, IFILE
COMMCN NCOUNT ,KOCT,FU,FL,DF,TEMPYL,
1TEMPZ, IDATA(1024.2) ,N(6)sEXTX(1000))AK(1004),CK(1024),01,K,L,KREC,
2KBAR, J)XMEAN,SIGMA
COMMCN/DATA/IWT(6),M,NOCT,NREC,S,PSD(1001),FRQA(1001),F1,F2,NDECS
1,IPRINT,ISCALE

EQUIVALENCE (SRATE,;N(8)

CALL LPFILT(N1U24R)

¥D(1)=MD(2)=0

REWIAD 1§

REWIND 2

FEAD(60,900)ITEST,1STACK, IFILE,ISTAT,M,NREC/NOCT,F1+F2,NDECS,
LIPRINT

ISTACK = [STACKet

CALL SETUP

1IF (¢v21000011,11.,12

KRITE(61,13)

FORMAT (1H0, 10X 319HM GREATER THAN 13093 )

STOP

1F(F1=F2)14,15,15

WRITE(61,16)F1,F?

FORMAT (1HO, 10X 4HF1 =, E15,5, 2X 15HGKEATER THAN F2, E15,5)
STOP

{F(NCECS=10)17,1R,18

WRITE(61,19)

FORMAT (1HWO0, 10X 3SHMIRE THAN ¢0 PLOT DECANES SPECIFIED )
S$TOP

ID{14)=]TESTY

N1024Re2*« (NOCTo 1) #AREC

N1024S2N1024R

READ(60,910)JCHANL, ICHAN2,S,SS, ISCALE

ISCALE = ]SCALE~1

IFCICHANL ,EQ,4HEND )120,30

CALL DEMUXINL1024R,1STAT,0)

1 = 2048*NRcC/M

IF(N1G24RaN10c4S)50,60,60

KaN1024R

w3

KEsK/2

wBJel

1F(K*NREC)B0,80,70

NOCT=

K = 2048¢K

qu.l

WRITE(61,920)K,1.J

G0 TC 90

WRITE(61,930)1

CALL PSDCNTLA

SRATE = SRATE/FLOAT(M)

WRITE (61,9506) NOCY,SRATE

131
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120
9Co
910
920

930
940
920

NO ERRORS

WRITE (61,640)

CaLt ONECYC

GO TC 20

ST0P

FORMAT (A4, 2]2, 414, 2F10,0, 214)

FORMAY (244, 2F10,0, 12)

FORMAT (1HO0, 40X %5, 47HOESREES NF FREEDOM
1TAVE , 7/ 10X 15, 26HDEGHEES OF FREEULOM [N
2AD UFPER BAND,)

FORMAY (1HO, 10x 15,X19HDEGRFES OF FREEDON

FORMAT (1HD, BO(Y1Hw))

FORMAY (11X 27HNUMBER OF FREQUENCY BANDS =
1 44HANALYSIS GANDWILTH [N UPPER FREQUENCY

END

3200 FORTRAM DYAGNOSTYIC RESULTS « FOR

132

IN LOWER RAND AND 1STOC
NEXT, 13, X 23HOCTAVES A

o)
113, /7 11X
RAND = , F5,9, @X OMHZ

MNPSDAA



3200 FORPan (2,2} 02/10/69

SUkROUTINE PSUCWTLA

LR XY
*MIS ROLTIYVE COWTROLS THE CALCULATIUN OF FILTERED NATA AMD POWFR SPECTRAL
FTENSITY (USING LAGRED PRODUCTSY, APHROPRIATE 0OLTaVE RANGFS ARE STORED IN
AKRAYS FSH AND FRY,

aTaaa

L XY
COMMCN JTEST, JCHAN « TCHANZ INUM(28) s NCOUNMT ,KNCT FULFL,NF.TEMPY,
TTEMOZ, IDATA(L024.2), (6 )EXTYX (10N, AKL1N04),CK(1024),1,K,L.XRFC,
2KBAR, Jy XMEAN,STu A
COVMONZDATAZIWT(RA),»,N0CT ,NRFC,S,PSULL001),#RQCID01)
FTIMEARSION FRE(1I001)
FQUIVALENCF(SRATF,N(4)), (FRE(1),IDATA(1))
kRQCT=Q
CAat L PSULALTY
FUsSKATE/Z2,U
rF=2,0
1t TFCDFSFuUY 20,380,490
20 CF=hF +DF
co TC 17
30 FuspFs2.0
ANCOUNT=1001
ro 40 1=1,1002
40 FRO(IY=C,U
€ =2 Z.0#SwSeSRATF
5C KOCT=n0OCT+1
TEMP122 ,0%eRNCT
CFeSRATE/(TEMP1#*F LOAT(M))
TEMP1=TEMP1/S
FRE(L)=)F
O &0 1=2,V
66 FRE(L)=FRE(I=1)+N}
FL=FL/2,0
L = Vel
IF(KCOT-NONTYIBO0L70,70
70 FL=0,C
80 CO 100 .=1,M
- - L-l
1F(FREC(JUIeML)110.90,90
90 1IF (NCOU' T-1001)%20,130,120
120 IF (FRE(J)~FRQINFOUNT+1)2130,100,10¢
130 FSN(NCOUNT)ISCARIJI*TEMPY
FRO(NCOUNTISFRF ()
NCOUNT=NCOUNT =1
100 CONTINUE
110 Fu=FL
IF(NCOUNT)140,140,150
150 [IF(KCCTsNOCT)170,160,160
170 CALL CUTOFF:3)
CALL PSDAUTO
G0 TC 5S¢
140 WwRITF(61,900)
900 FORMAT (1HO» 10a 29HTOO0 MANY POINTS IN PSD RANGE,)
160 FRETURN
END

3200 FORTRAN DTAGNNSTIC RESULTS = FOR PSDCNTILLA
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3200 FURTRAN (2.2 n2/71n/769

CYUARFUTIME PSDAUTY
)

TWIG ROUT(we CALCULATES POWER SPFCThaAL LENSITY FROM THF AUTOCORRELATIUN

cooaoaco

s xe

10
20
30
6C

70
900

4C

KAl ol
4 1

o Aty

140

180

[EY

Fungto.

PO A LIVF

DATA CHAWNNED

WHICH 1S HFELD NN LNGICAL UNIT 3,

S 1S MFTORNED IN CNMMUN ARRAY CK

COMMCN TTEST, ICHANT, TCHANZ, IDUM(28) ,NCOUNT  ROCT,FU,FI,NF,TFMPYL,
LTEMRZ, TUATACL1024,2) N6 s EXTX(1070),An(1001),CK(1028),1,¥sL KREC,
2KBAR, Jy XMEAN, S TuMA

COMMENZUATAZTAT (A ),V ,WOLT ,NRFC

FEWIND 3

FHFFFR IN(A, 10 (A1) N(6))

IF (“0CTeNILT+1)5,15,.5

FUFFFR IN(S, 1) CINATAlL,1), 10ATAC 10,0 ))
KRFC=L =0

XMFANZD D

KeMe ]
ro if
AK(T)
FUFFFR

1,X%

FXTXx(]) 0,0

INCS, 1) CINATA(L, 1), 1DATA(CL1024,20))
€O TC (80,40,90,A0 UNTITSTF(I)

CAlLL ERRFCOVI7,8.L0 1)

IF(l=1)20,70,20

WRITF(59,900)

FORMAT (5X SAAPW&]TY ER«OP REANIMG LOGICAL UMIT & ,/ 5X
EGHAFTER ERROR FREF WRITE, CLEAN TAPF HEAD AMD RFPEAT JOR,
CT6P

KRi:CSKREC+1

FUFFER INCI 1) CINATACL, 2, JUATA(1024,2))
CALL CORLAT(1)

Kzl

IF (XKREC=NRECI90.,50,5N

€O T (90,160,504 C) UNITSTF(3)

CALL FRRECOV(7.,38,K, 1)

IF(1e13320,70,12°

EUFFER IM(3,1)CINATA(L,2),10ATA(1024,2))
GO TC 9¢C

KRECSKREC+2L

FUFFFR IN(3, 1) CIDATACL, 1), TOAYA(IU24,1))
CAlL CNRILAT(2)

LsO

1FCKREC=NKELC)IS0,50,5N

CALL FLUATAK

K 1026 *KREC

LsMel

XMEANSXMEANZFLUAT(K)

YMFANSXMEAN®XMEAM

To 140 I=1.,L
AK(I)ZAKC])/FLOAT(K=T141)=XMEAN

XMEAN = I,141992A5/FLOAT(M)

S IGMA AK (1)

ExTX(1) 1,0

ro 180 Js2,M

FxTx(J) COS(FLNAT(Jel)*XMEAN)

CALL FTRANS

TEMPI CK(L)*0,HoCK(2)

KzMei

TEMPZ CK(M)eCA(K)

AMFANECK (1)

I=

134

/)



wmacan

———

way G MAD TN WD S s e

Bl
H

170

NGO FRRORS

[O 176 J=2,4

CTMaCh ()

CRKCIY = CROLY®D) 5o {(CK(T+3)eXMEAN)
YMEANEZCTM

Cr(1)=TEMPL

Cx(M)=TEMP?

RETURN

EnD

3200 FORTRAN LTAGAOSTIC RESULTS = FOR
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3200 FORTRAN (2,2 /7
SUBRCUTINE PLOTPSDA

THIS RCUTINE PLOTS PSD AGAINST FREOGUENCY OW LOGARITHMIE AXES, ENTRY
SETLr FOR INIT'LYAZING TH. FREDUENCY SCalé CaALPULATINN ANL ORIGIN SETTING,

COMMCN ITEST,ICHANYL, ICHAN2 IDUM(2%) NCOUNT  ROCT FyY, b AF,TENPY,
17EMP?‘ lDATA(1024.2),N(b),EXYX(iOOO)al!!l@?lP.CM#Q?‘!.{,I.L.IRFC.
2HBAR s Jo XMEAN,STGMA

COMMCN/DATAZIWT(E) yMy;NCCTY  NREC,5,PSDU4NQY Y, " Jec2yv 1, Fq,FE,NDECS
1,IPRINT,ISCALE

CIMENSION BK(1001)

EQUIVALENCE (BK(1),]DATA(1))

EQUIVALENCE (ZSCALE,!1DUM(3))

FNTRY SETUP

YEMP4z AL 0OG10(F1)

TEMP23AL0G10(F2)

X1 [FIX(TEMP4)+]

LelFIX(TEMP2}

FL = FLOAT(K1)=sTFMP4

FUSTEMP2FLOATIL)Y

XSCALE=s6,0/(FLOAT(LeKL)*FL’ L)

TEMPASTEMPY#XSCA! E

KizKisl

[E=s10,0»+K1

YSCALE=6,0/FLOATINDELCS)

CALL PLOT(=11,5,0,0,«3)

CALL PLOT(2,0,0,0,3)

RETURN

ENTRY ONECYC

FU = 0,0

ACOUNT 3 NCOUNTe+t

LO 3C IaNCOUNT,100%

1F (PSD(1)135,35.45

FSN(1) 31 ,0E~70

GO0 TC 30

IF(PSD( )aFUI3I0,30,40

FUsPSD(1)

CONTINUE

KsIFIXCALOGLO(FU))

1F (FlUe1,0)50,60.60

2SCALESFLOAT(NDECS=K)

KaKel

60 YC 70

2SCALESFLOAT(NDECS~Key)

CALL PLOT(0,0,0,0,3)

FUel,0

L0 80 1s31,NDECS

wBKaNDECSe]

FLSFLOAT(1=1)*YSCALE

C‘LL SYHBL4('0.65H"L~0.0700.1452H103.002)

CALL NUMBER(«0 ,45,FL,0,1,J,0,0,2H]3)

GO TC (90,8G)SCALE

CALL PLOT(0,0,FL.3)

Lsd

LFm30,00¢{]ed)

LsLed

FUusFeDF

FLeYSCALE#ALOGLO(FU)

CALL PLOT{O0,0,FL.2)

IF(Le9)120,110,120
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110 Cact PLOTILN,
CALL PLOCT(3Z,
¢0 T¢ ARY

120 CALL PLOT(OU,15,F! ,2)

CALL FLOY(2,0.,FL.2)
cS TC 107

8( CONTINUE
JSXel
CALL STMuL4{=0,65,5%5,925,0,14,2K1C,0,0,2)
CALL NUM-EK(«D,45,6,0,0,1,J,0,0,2H13)
€O TC (140,130)ISCALF

130 CALL PLCOT(U,I,5,7,3)

CaLL PLOT(C,2,6,M,2)
CALL PLOT(h,S;b.ﬂ,?_)
GO TC 150
140 CALL PLOT(5,7.6,0,3)
CALL PLOT(6,0,6,1,2)
CALL PLOT(6,0,5,7,2)
0 €0 TC (170,i60)]SCALF

€0 CALL PLOT(6,3,0,3,3)

CALL PLOT(5,0,0,2,2)

CALL PLGT(5,7,0,",2)

CALL PLOT(N,3,0,1n,3)

CALL PLOT(P,D,0,0,2)

CaLL PLOT{0,0,0,3,2)

GO TC 180

170 CALL NUMBER(~0,1.,-0,4,0,14,F1,0,0,4HF2,0)
CALL PLOT(G,0,0,n,3)

FL=F1
TF=DE
L=K1

150 FL=FL_+DF
FU=ALOGLO(FL?

TEMPI=XSCALE*FU-TEMP4
[IF(TFMP1~6,03200.21G,210

200 CALL PLOT(TEMPI,n,0,2)
KsIFIX(FU«D,000%)
1F(K=1)230,¢30,220

2¢0 LzK
CF=10,0vep
CALL PLOT{TEMPL,1,25,3)

CALL PLOT(TcMP1,n,0,2}
€CQ TC 190
230 CALL PLOT(TEMPSL,Nn,15,3)
CALL PLOT(TEMP1,5,0,2)
€0 TC 190
210 CALL PLOT(6,0,0,n,2)
CALL PLOT(6.N0,0,3,2)
CALL NUMBER(5,7)0,4,0,14,F2,0,0,44F5,0)

160 CALL SYMBL4(0,0,-0,9,0,19,1TEST,0,0,4)
CALL SYMBL4(1,25,20,9,0,14,[CHANY,0,0,4)
£O 240 !=NCOUNT,1001
IF(FRQU1)aF1)240.250.250

240 CONTINUE

2%0 TEMP12XSCALEYALUGLIO(FRA(I))eTEMPY
TEMPZ=YSCALE*(ALNGL10(PSU(]))+ZSCALE)
1IF(TEMP2)260,270.,270

2€0 TEMPEZx0,0

270 CALL PLOT(TEMPY,TEMP2,3)

Lo 280 J=l.1001
1F (FRQ(J)=F2)33n,330,280
323G TEMFt=XSCALE*A.UGLO0(FRO(J))=TEMPA 137
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250
300
280

310
9c0

910
320

NO ERRORS

TEMPZ=YSCALE*(ALOGLO(PSD(J))+ZSCALE)
IF(TEMP2)290,300,300

YEMPZ=20,0

CALL PLOT(TEMP1,TEMP2,2)

CONTINUE

CALL PLOT(0,0,10.0,#3)
IFCIFRINT)310,320,310
WRITE(61,900) ITEST, ICHANL

FORMAT (1K1, 44X BHTEST NO,, 2X A4, 15X 11WHCHANNEL NO,,

1 8X 4(4HFREQ, 6X 6WP,S,U,, 14X))
WRITE(61,910)(FRR(1),PSDCI),1=NCOUNT,21061)
;ORM‘Y (2X 4(F10-2'E15.5'5x))

RETURN
END

3200 FORTRAN DYAGNOSTIC RESULYS = FOR

138
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Listing of Routines MNCPSCA, CPSDCTLA,
CPSDAUTO, PLTCPSDA, and CORLATXY
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3200 FORTRAN (242) /7 7/
FROGKAM MNCPSDA

RO A AR NN E A PRUGRAM NO, WCP/6B=23 L T T MT T

THIS PROGRAM [S THE MAIN CONTRNL PROGRAM FOR PROCESSING RANDOM DATA
ACQUIRED ON THE A/D SYSTEM CONNECTED TN THF GDC 3300 COMPUTER, THE
¥OST USUAL PROCESSING IS THE CALCULATION OF POWER SPECTYRAL DENSITY
FOR WHICH SEVERA! SETS OF SUBROUTINES ARE aVAILABLE, VARIOUS OTHER
FROCESSING TECHNTQUES ARE POSSIBLE,

COMMCN ITEST,ICHANL, ICHAN2, THALF ,MD(2),1D(13)+INF(7),ISTACK, IFILE
COMMEN MCOUNT ,KNCT,FU,FL,0F,TEMPY,
1TEMPZ, IDATYA(1024),  DATA(1024),N(6),EXTX(1000),FXTY(1000),AK(1001},
2ER{1001),CK(1024),1,K,LsJds XMEAN, YMEAN,SIGMAX,SIGMAY
COMMCN/DATA/IWT(A),M,NOCT,NREC,S,SS,PSD(1001),0SN(100%3,FRO(1001),
1F1,F2,NDECS,» IPRINT, ISCALE

FQUIVALENCE (SRATE,N(4))

CALL LPFILT(NLIO24R)

MD(1)3MD(2)30

REWIAND 1

REWIND 2

READ(60,900) ITEST, ISTACK, IFJLE,ISTAT ,M,NRECINOCT,F1.F2,NDECS,
1IPRINY

ISTArK 2 JSTACKe$

CALL SETUP

1F (Mz1000711,11,12

WRITE(61,13)

FORMAT (1WHO0, 10X 19KM GREATER THAN 1000 )

sTOP

IF(F1:F2)14,15,15

WRITE(61,16)F1,F2

FORMAT (1HO, 10X 4HFY =, E15,5, 2X 1SHGREATER THAN F2, E15,5)
STOP

IF(NCECS=10)17,18,18

WRITE(61,19)

FORMAT (1HG, 10X 3SWMORE THAN 10 PLOTY DECADES SPECIFIED )
STOP

ID(11)sITEST

N1024R=2%e (NOCT»1) wANREC

AN1024SaN1024R

READ(60,910)1CHANL, ICHAN2,5,55,1SCALE

JSCALE = ]SCALEw1

IF(ICHAN1 ,EQ,4HEND )120,30

IFCICKHANL ,FQ,4HNFWT)10,40

CALL DEMUX(N1024R,ISTAT,0)

1 = 2048*NREC/M

IF(N1024RoN10245)50,60,60

KaN1024R

val

KaK/2

el

IF(K=NREC)B0,80,70

NOCTe

kK = 2048*K

u'J-1

WRITE(61,920)K,]+d

GO TC 90

WRITE(614,930)]

CALL CPSDCTLA

SRATE s SRATE/FLOAT(M)

WRIVE (61,95C) NOCY,SRATE
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NO ERRORS

WRITE (61,940)

CALL ONECYC

CO TC 20

STOP

FORMAT (A4, 212, 414, 2 10,0, 214)

FORMAT (2A4, 2F10,0, 12)

FORMAT (1HO, 10X [5, 47HDEGRFES OF FREFDOM [N LOWER RAND AND 1STOC
1TAVE , 7/ 10X 15, 26HDEGHFES OF FREEDOM [N NEXT, 13, X Zz3HOCTAVES A
2ND UFPER BAND,)

FORMAT (1HNO, 10X 15,¥19HDEGHFES OF FREFDOM,)

FORMAT (1HOD, 80(1H®))

FORMAT (11X 27HNUMRER OF FREQUENCY BANDS = »13, / 11X
1 44HANALYSIS BANDWIOTH IN UPPER FREQUENCY BAND = , FS,1, 2X 2HKZ )

END

3200 FORTRAN DVAGNOST[C RESULTS = FOR MNCPSDaA
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3200n  FYRTRAN (2.2) 02/30/69

SU“RTUTIWE LPSHLTLA

LR R
THIS ROUTT & CONTROLS THF CALCULATION OF FILTERED NaTa AND CROSS POwWER
CPECTRAL DEASETY (LSING LAGGRY PRODUCTS), aPPRNPRIATE NCTAVE RANGES ARE
CSTNREN [N 4HRAYS

LR R

COMMON JTEST  JCHANT, TCHANZ S [DUM(2S) ,ACNUNRT W KNCT,FuU,b Lo NF,TEMPS,
1TEMPZ , 10aT R (1024, JCATACLI024) ,A(A),EXTX{LUNL),FXTY(INO0N)Y,AK(1071),
2AFREINE1) L, Cx(L0P8), 1K, sJds XMFAN, YMFON,STGMAX,ST6GMAY

COYMOMN/DATL/TaTER) My NOUTHMRFC,S5,8S,PSN01UNL)YNSN(10NTY,FROC1001),
1F1,Fz,NNFCH, TPRINT,180ALL

FIxENSTING FHE(1UND)

FubivaleNCH (SRATESNCG) ) p (FRE(1:,IDnTatl))

KOCT=(

CALL CPShainn

FUsSRATE/2,0

TF=2,0

i€ TFCUFF Y29, 80,90
2C DI
¢ty T 1¢C
30 Fu=ugF/s2,0
ANCNUNT=1001
rg 40 [=1,:001
4 FrO(L)=0,0

€ = 4, 0%He55%*SRATYE:

5C KONT=KOCT~1

TEMP122,0s#1kN(T

TFSRATE/(TEMPI=FLOAT(M))

TEMPYZ I EMPL/S

TE“Pz = 0,bwTEMPY

FRE(1)=UF

rg 66H 132,

6C FRE(1)SFRE([el)+rF

FL=FL/2,0

L = Vel

TF(RCLTINDTTIBN,?Q0,70

7€ FL=0,0
8u o 100 =1,4
« = Lel
TF(FRE())eFL)110.90,90
g0 TF(NCOUNTSIU0LYLI2C,130,4720
120 VELFRECYIFHO(NCNUNT 1) )130,100,200
130 ESPIACHOUNTIBAR{ JYeTEMpY
CSDIACNGNTIZHK( Yo TEMPD
FRO(ACOUNT SFREYL )
ANCNUAT e COU T =]
1€0 CcoMTINUE
110 FusFlL
TF(COuUnT)180,514%,190
160 TF(KCUTeNOUTYILTU 100, 1A0
170 CALL CUTOFELCY)
CALL CUTNIF(4)
CALL (PybLaATIN
rqQ Tt W
140 WwHITFH(AL, 9"y
QUD  FORAAT (Tw", LDR gOrTN MARY PAIATS 1y PRD KANAE, )
160 E&EYuky

END

3470 tUmTmbn UTARNNSY O g€y TR o FyR CRSDAT A
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d200 FURTRAw (2,2) n2/1N/6%

CU=HCATI ¢+ CPSla TN

LR 2 )
THIS RMT e CALCPULATES FHOSS POrER SPECTRAL DENSITY FROM THE CRISS
COPRELATIO D FUNGTINN FNOR A PALR OF DATA CrRaNMELS HELD AN LOGICAL UNITS 3
Aab 4y RFul AND TMAGTNARY PAPTS F "HE CRUSS PSP APk RETURNMEN [N ARRAYS
TAOAN) UK,

LE X

COMMCy JTEST,ICAANL, TOHANZ,, [NUMIPS) W NEOUNT s KOCT,FU,r Le NFL,TEMPL,
LTEMPZ , TDATACLUP4) , GLATALLU24) ,N{F), EXTYX(I0NU) ) FXTYCLNON),AK(I0N),
2RRE1TIPI) S KCL028)Y , 1o K,t s JaXMEAN, YMEAT, S " MAX,SIGMAY

COtAC g/ AT Az 1w T URY M, NDCT s REC, 5,85, P3NL1001),0SN(1001),FRO(100L)
1rllF-;}.'L"3L:ﬂl ‘UR [" T, [QCALF

TIMENSTUN R(1Uegd)

FLUIYALENCF (UK, INaTall))

Regwlng) 3

FEWIMND o

FUFFFR IN(3,1) (11 ,N(6))

FUFFER IN{4,1) CIDATACLYsdDaTA(LR))

IF (%x00TenNCT+1)5,1%,15

FOFRFR OIN(R1)(IPATACL)»YDATACLD))

FUFFFR JM(8,1)CUNATAL1)»JDATACT)

15 KRFC=R=L=D
XMFANSYME L8303, 0

\n

=M+
Ty Ld o t=t,J
10 ax’1) = RK(L)Y = Farx{l) = SXTy(l) = n,n

3C FUFFER [N(3,1)([NATA(L),IDATA(1074))

FUFFFR [N(4,1) (INAT A (1) JUATA(1024):
4L €O T (40,590,005 7)UNTITSTFE3)
73 CALL ERRFCv{7,8.K,1])

TF(I=1)rC, 93,40

9¢C WRITF(59,9N00)
9C0 FOAMAT (5x 46HPaR[TY ERHORS 0N RFADIMG LOGICAL UMITS 3 ALD 4, /

1 5X S7HAFTER ERKMR FREF ARITFS, CLEAN TaPE RFANS AMD REPFAT JUR,)

STNP
8C FUFFER IMN(3,1)10[NATACL) s IDATA(I024)
0 TC 48

5C rg TC (59,1U%,60.11 3 UN TSTF (4

110 CALL ERRFCNVI7,4.0,1)
IF(I=1)120,90,12"

120 FUFFFR IN(3,1)0(JPaTati), JUATA(1024))
rg TC 50

100 ARFCEKREC+Y
CALL CORLATXY
1F(KRECSNRECI30,A0,AN

60 FOsSFLNAT(1024«Kni()
FALL FLNATAK
XMFAN=XMFAN/FD
YMFANZY AR A I/F U
FFesxX~vEAteYME AN
XMEANZXMEANTXAE AL
YMFANSYMEAVRYE 24N
CiGMAX=FDal 0
CIAMAYZDK(1)/STIGMAX « YUERAN
CSIGMAXSCK (1275316 M aX « YUHEAN
L=Me1
FsfFle1,0
L0 1% I=3,L
FREFTGFLNAT(L)
AK(I)zAK () /rHeuF
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170

NO FRRQORS

Ex(jioannl])/Fusyf

YpvPt = Ar{])ewR(])
EX(]I=AR( ) )ewl (]

BRUGY = TEvH)

T = J,14159265/FLDAT (M)
LG 1497 1=2,1

FD = FilueT(j=1)e"}
EXTX(1) = TUS(FL)

FXTY(]) = SIN(Fu)Y

ExTx(1) = t,2

EXTviyy) = i,

FALL FTrRA&LS

xzTVel

AX(1) = CK(L)+Z , S5«Cr(2)

AL(M) = TN 1=K {%)

FR(Y) = Lr(adel RenNg(2)

FR(M) = hix{m)eD ()

rg 170 132,

NESED]

{=1a1

Art]) = CROJ)e S (CK(JIeCx L))
EROTY = NKC])en, he(Lx(J)+Dx (L))
FETUSY

Fivi

32 $0OPT=AY LTASANSTIC FeSULTS - FUR

CPSDAUTL
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450
520

540
530
500

4890
550

560

540
470

40
30

3200 FORTRAN (?.2) 01727769
SURRCUTINE PLTCPSDA

THIS ROUTINE PLOTS PSD AGAINST FREQUENCY ON LOGARITHMIC AXES, ENTRY
CNECYC FOR PSD PIOT AND ENTRY OCTOV3 FOR 1/3 OCTAVE PLOTS, ENTRY SEYUP
FOR INITIALIZING THE FREQUENCY SCALE CALCULATION,

COMMCN ITEST,ICHANY, ICHANZ, IDUM(25) s HCOUNT KOCT,FU,FL,NF,TEMP1,
ATEMP2,1DATA{$024), JDATA(L1024),N(8),EXTX(1000),EXTY(L000),AK(1001)},
2BK(1001)+sCK(1024),1,K,LsJsXMEAN,YMEAN,SIGMAX,SIGMAY NN

EQUIVALENCE (ZSCALE,EXTX(1))

COMMEN/DATA/INT(A) ,M,NOCT,NREC,S,5S,PSD(1001),05SD(1001),FROS1001),
1F1,F2,NDECS, IPRINT, ISCALE

ENTRY SETUP

TEMP4=ALOG10(F1)

TEMP22AL0G10(F2)

Kis[FIX(TEMP4) el

LeIFIX(TEMP2)

FL » FLOAT(K1)«TFMP4

FUSTEMP2eFLOAT(L)

XSCALES6,0/(FLOAT(LeK1)+FUsFL)

TEMP4sTEMPAwXSCALE

KisKiwt

FEs10,0v*K1

YSCALES®6,2/FLOAT(NDECS)

CALL PLOT(=11,5,0,0,e3)

CALL PLUOT(2,0,0,0,-3)

RETURN

ENTRY ONECYC

Fus0,0

NCOUNT = NCOUNTe1

CALL SYMBL4(0,0,#0,9,0,14,1TEST,0,0,4)

CALL SYMBL4(1,25,00,9-0,14,ICHANY,0,0,4)

CALL SYMBL4(2,00:,20,9,0,44,ICHAN2,0,0,4)

L0 470 I=NCOUNT,1001

AK(]) s SQRYI(PSD(])*PSD(1)*QSN(])e0SD(]))

IF (PSD(1))480,490,500

1IFtQSD(1))520,530,540

CSD(!)=el,5707963

GOTO 470

CSD(1)s1,5707963

GO TC 470

€SD(1)s0,0

GO TC 470

TEMP18G,0

GO TC 510

1F(OSD!1))550,560n,%60

TEMP193,1415926539

GO TC 5190

TEMP183,1415926535

CSD(1)=ATANC(OSD(1)/PSD(]))+TEMPL

CSD(1)*QSD(1)*57.2957795

L0 30 1=NCOUNT,1001%

IFCAK (1)eFUYI0,30,40

FUsAK (1)

CONTINUE

HelFIX(ALOGIO(FU)Y)

IF(FLa1,)50,60,060

2SCALESFLOAT(NDERSK)
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¢0 TC 70
69 2SCALEZELOAT(NDECS=Ke})
7¢ CALL PLOT(0,0,0,0r,3)
Fusl,0
Lo 80 !=z1,NUECS
v2KeADECSe]
FLeFLOAT(I=1)*YSCALE
CALL SYMBL4(«0,65,FL<0,07,0,14,2+K10,0,0,2)
CALL NU"BEQ(’O.‘S,FL,0.10J005002“‘3)
GO TC (90,80)]SCaALE
90 CALL PLOT(6,0,FL.3)
Ls=0
100 [7F310,0e¢*{[e])
LsLe1
FUSFLeDF
FLEYSCALE#ALOGL10(FU)
CALL PLOY(0,0,FL.2)
1F(L"9)120,110,170
110 CALL PLOY(N,25,Ft,2)
CALL PLOT(0,0,FL.2)
60 TC 80
120 CALL PLOT(0,15,F1 ,2)
CALL PLOT(0,0,FL.2)
€0 TC 100
80 CONTINUE
IRl
CALL SYMBLA4(0,65,5,925,0,14,2KH10,0,0,2)
CALL NUMBER(#0,45,6,0,0,1,J,0_0,2H13}
GO TC (140,130)[SCALE
130 CALL PLOT(0,0,5,7,3)
CALL PLOT(0,0,6,0,2)
CALL PLOY(0,3,6,0,2)
G0 TC 150
140 CALL PLOT(5,7,6,0,3)
CALL PLOT(6,0,6,0,2)
CALL PLOT(6,0,5,7,2)
150 CO TC (170,160)ISCALE
160 <CALL PLOT(6,0,0,3,3)
CALL PLOT(6,0,0,0,2)
CALL PLOT(5,720,0,2)
CALL PLOT(0,3,0,0,3)
CALL PLOT(0,0,0,0,2)
CALL PLOT(0,0,0,3,2)
€O TC 180
170 CALL NUMBER(®0,1.80,4,0,14,F1,0,0,4HF2,0)
CALL PLOT(0,0,0,0,%)
fLeF1
LFeDE
LKl
150 FLeFLeDF
FUsSALOGL1O0(FL)}
YEMPIsXSCALE*FUTENPY
IF(TEMP1%6,0)200.240,249
200 CALL PLOT(TEMP1,0,0,2)
KsIFIX{FU«0,0005)
IF(KeL)230,230,220
220 LsK - )
CFell 0|
CALL PLOT(TEMPL1,0,25,3)
CALL PLOT(TEMP1,0,0,2)
€0 TC 190
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230 CALL PLOT(TEMP1,0,15,3)
CALL PLOT{TEMP1,8,0,2)
€0 TC 190
210 CALL PLOT(6,0,0,0,2)
CALL PLOT(5,0,0,3,2)
CALL NUMBER(5,7,00,4,0,14,F2,0,0,4%F¢ ,0)
180 [0 240 1=NCOUNT, 1001
IF(FRQ(IYeF1)243.250,250
240 CONTINUE
E0 TEMP12XSCALE*ALUGI0(FRQ(I))wTEMP4
TEMPZasYSCALE*(ALNGLO0CAK (]))eZSCALF)
1F(TEMP2)Y260,270.270
260 TEMPZ20,0
270 CALL PLOT(TEMPL,TEMP2,3)
L0 280 J=},1001
IF (FRQ(J)~=F2)285,285,280
285 TYEMPI1sXSCALE*ALOGLO(FRQ(J))=TEMPA
TEMPZaYSCALE*{ALOGI0(AK (J))*2SCALE)
1F(TEMP2)290,300.300
250 TEMP220,0
300 CALL PLOT(TEMPL,TEMP2,2)
280 CONTINUE
CALL PLOT(0,0,6,25,e3)
CALL PLOT(6,0,0,0,2)
CALL PLOT(6,0,0,3,2)
Catl PLOT(0,0,0,0,3)
CALL PLOY?(0,0,1,25,2)
CALL PLOT(0,1,1,25,2)
CALL PLOT(0,05,0.625,3)
CALL PLOT(0,0,0,625,2)
GO TC(441,442)ISCALE
244 CALL NUMBER(=0,55,1,18,0,14,180,0,0,2H13)
CALL NUMBER(«0,55,0.55,0,14, 90,0,0,2K13)
CALL NUMBER(«0,55,0,07,0,14, 0,0,0,2H13)
442 7SCALE®=1,25/180,0n
TEHMP28ZSCALE*ABS(QSD(]))
TEMPY s XSCALE®*AI OGLO0(FRQ(.))esYEMPS
CALL PLOT (TEMPL.TEMP2,3)
TO 350 Js1,1001
1F (FRO(J)=F2)39",39%,390
365 TEMP2sZSCALE#ABS(QSD(JY))
TEMPLaXSCALE*ALOGLOCFRO(J))eTEMPA
CALL PLOT(TEMPL,TEMP2,2)
360 CONTINUE
CALL PLOYT(0,0,1,5,3)}
CALL PLOT(0,0,0,4,2)
€0 TC(392,391)ISCALE
362 CALL SYMBL4(e0,25,0,4,0,2,1H°,0,0,4)
CALL SYMBL4(«0,25,0,0,0,2,1H¢,0,0,1)
354 TEMP1a0,0
TEMP2s0,4
FL s TEMPY
IF (6SD(1))394,303,393
364 FL ® TEMP2
33 CALL PLOT(XSCALE*ALOGLO(FRO(I))YsTEMP4,FL,3)
LO 400 Js),1001
IF TRO(J)=F2)40%,40%,400
405 FSLsXSCALE*ALOGI0(FRQ(J))=TEMP4
1F(QSD(J))410,420,420

450 CALL PLOT(FL,TENP2,2)
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GO TC 400

CALL PLOT(FL,TEMPL,2)

CONTINUE

CALL PLOT(D,0,3,0,+3)

IF(IFRINT)430,320,430

WRITE(61,920)IYEST, ICHANL, ICHANZ

FORMAY (1H1, 2CX BWTESY NO,; 2X A4, 2X OHCROSS PSN, 2X BHCHANNELS
1, 2X A4, 2% 3HAND, 2X A4 , // 8X J(4WHFREN, 6X 6HP,S.D,.s9 X
2 SHPRASE, 8X))

WRITE(AL,930)(FRO(T),AK (]),0SN(]),]=NCOUNT, 1001}

FORMAT (2X 3(F10.2,E15,5,F10,1,3x))

FETURN

END

3200 FORTRAN DYAGNOST|C RESULTS = FQOR PLTCPSDA
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